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Figure 1 (Color online) Schematics of single-molecule electrochemical transistors in a four-electrode (a), three-electrode (b), and two electrode (c)

configurations [14].
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Figure 2 (Color online) (a) Categorization of the single-molecule electrochemical transistor’s operating regions into non-Faradaic and Faradaic
regions based on cyclic voltammetry curves [12]; (b) schematic of energy-level tuning by electrochemical gating [12]; (c) variation trend of the
transfer-characteristic curves of single-molecule transistor in the non-Faradaic region [20].
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Figure 3 (Color online) (a) Schematic of the transfer-characteristic
curve of a p-type transistor; (b) transfer-characteristic curve of a p-type
single-molecule electrochemical transistor [13]; (c) schematic of the
transfer-characteristic curve of an n-type transistor; (d) transfer-
characteristic curve of an n-type single-molecule electrochemical
transistor [13].
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Figure 4 (Color online) (a) Schematic of bipolar transfer character-
istics; (b) bipolar transfer characteristics of single-molecule electro-
chemical transistors with a small HOMO-LUMO gap [26]; (c) electron
transmission spectra of single-molecule channels with quantum
interference effects; (d—f) transfer characteristics of three single-
molecule electrochemical transistors with destructive quantum inter-
ference effects [21,29,30].
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Figure 5 (Color online) (a) Schematic of anti-ambipolar transfer
characteristic curves; (b) anti-ambipolar transfer characteristic curves of
single-molecule electrochemical transistors based on resonant tunneling
effects [32]; (c) schematic of two-step electron hopping transport
mechanisms; (d) anti-ambipolar transfer characteristic curves of single-
molecule electrochemical transistors based on two-step electron
hopping transport mechanisms; (e) transfer characteristic curves of
single-molecule electrochemical transistors in aqueous solutions [40];
(f) transfer characteristic curves of single-molecule electrochemical
transistors in ionic liquids [40].
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Figure 6 (Color online) Step-like transfer characteristic curves of
single-molecule electrochemical transistors based on (a) anthraquinone
[42] and (b) ferrocene [44] following the electron tunneling mechanism
in redox reactions.
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Abstract: Under the background of semiconductor device miniaturization approaching physical limits, molecular
electronics offers a new direction for the development of electronic devices in the post-Moore era. As a novel class of
single-molecule devices, single-molecule electrochemical transistors enable efficient regulation of electron transport
properties at the molecular scale through strong electric fields generated by interfacial electric double layers, providing
unique potential for molecular logic operations. Compared with traditional single-molecule field-effect transistors, their
distinctiveness lies in the dual functionality of electric double-layer fields: not only modulating electron tunneling
barriers but also inducing reversible redox reactions in single-molecule channels. This mechanism produces diversified
transfer characteristic curves, significantly expanding the functional design dimensions of such devices. This article
systematically reviews recent advancements in single-molecule electrochemical transistors, with a focused discussion on
their functional design strategies, thereby establishing a foundation for researchers to understand the principles and
capabilities of these innovative devices.

Keywords: single-molecule transistors, electrochemical gating, electron tunneling, electron transfer, subthreshold
swing
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