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Abstract: An ultramicroelectrode (UME) is defined as an electrode with at least one critical dimen-
sion below 25 wm. Offering advantages such as a high mass transfer rate, high spatiotemporal resolu-
tion, and negligible iR drop, it serves as a key device that bridges microscopic measurements and
macroscopic signal output and has been widely applied in research fields including electrophysiology,
electrochemistry, analytical chemistry and materials science. In recent years, the fabrication meth-
ods of UMEs, predominantly focusing on twin and hybrid dual-channel UMEs, have been continu-
ously improved and expanded. These advancements not only improve the controllability, reproduc-
ibility, and stability of electrode fabrication, but also endow the electrodes with enhanced versatility
to meet the demands of complex analytical scenarios, such as single-entity analysis, electrochemical
imaging, and electrocatalysis research. This review summarizes innovations in fabrication methods,
the expansion of scientific research and applications, and the advancement of theoretical frameworks
related to UMEs in electroanalytical chemistry over the past two decades. In addition, it discusses
the challenges facing UMEs and potential directions for future breakthroughs.
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Fig. 2 Schematic of bottom—up fabrication of UMEs

A: schematic of carbon UMEs fabricated via high-temperature vapor deposilion[g]; B: schematic of the quantum tunneling nanoprobe

[13],
C: schematic for fabrication of metal disk UMES by electrodeposition s D schematic for fabrication of metal disk UMES at liquid/liquid inter-
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Fig. 3 Schematic of top—down fabrication of UMEs
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Fig. 4 Schematic for studying ion—electron transfer reaction at liquid/liquid interface for dual-channel UMEs
A: generation—collection mode for ion transfer studies at liquid/liquid interfaces'®’; B: carbon hybrid electrode for investigating ion—electron
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Fig. 5 Utilization of dualchannel UMEs in electrochemical imaging

A, B: dual-channel hybrid pH-SICM probes''*'; C: dual-function imaging based on combined SECCM-SECM'*'; D: generation-collection
mode of dual-carbon electrodes ?'; E: assessment of intracellular mRNA distribution using dual-channel nanopipeltes[m( A, B: XGHEIE Ak
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Fig. 6 Schematic illustration of dual-channel UMEs in single-entity analysis

A: the working principle of the nan()})ridge[m; 30l

8],

B: construction principle of nexFET devices'™'; C: schematic of single-molecule trapping using

dual-carbon nanoelectrodes™; D: schematic of single-particle translocation through a carbon hybrid UME™; E: schematic of gold nanopar-

ticle translocation through dual—nan()pipette“‘{; F: schematic of dual-channel UMEs for detecting the Na'/K” in single cells™; G: schematic of
a B—nanopipette for cytosolic protein delivery and therapeutic efficacy evaluation (A : QI’\J?I(*%HUI{’EF?TI% %] ; B: nexFETm@Eﬂw"; C:
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