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Abstract: Supercapacitors are electrochemical energy storage devices characterized by high
power density, rapid charge-discharge capability, and long cycle life, making them essential
for applications such as energy buffering and pulsed power supply. However, their relatively
low energy density limits their use in scenarios that demand sustained high-energy output. To
address this limitation, the research paradigm has shifted from purely optimizing performance
toward multifunctional integration, transforming supercapacitors from passive energy storage
components into active functional platforms. Devices engineered around the principle of ion-
confined transport have, for the first time, combined circuit-level functionalities such as
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rectification and switching with capacitive energy storage, bringing supercapacitor research
into the domain of iontronics. In parallel, bio-inspired fluidic memristors have opened a
promising route toward energy-efficient neuromorphic computing. Importantly, the ion-confined
transport underlying supercapacitor behavior shares fundamental physical principles with the
nonlinear ion dynamics governing fluidic memristors; both phenomena originate from selective
ion transport and relaxation processes within nanoconfined environments. This overlap has
given rise to a new research frontier, supercapacitor memristors, which seek to unify energy
storage and memory functions in a single device through deliberate modulation of nonlinear
ion transport in nanoconfined spaces. This review systematically traces the development of
supercapacitor memristors from conceptual origins to functional realization, mapping their
evolution from passive storage elements to intelligent functional platforms. It then examines
the core physical mechanisms, specifically the nonlinear transport and relaxation dynamics of
ions under nanoconfinement. Key structure-property design strategies for representative
material platforms are summarized, and outstanding challenges related to microscopic
mechanistic understanding, device stability, and system-level integration are identified. Finally,
the article explores the potential of supercapacitor memristors in emerging areas including
neuromorphic computing and capacitive computing architectures, outlining a roadmap for
future research and practical application in this interdisciplinary field.
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Fig. 1 Schematic illustration of the operational mechanism of a microporous carbon-based supercapacitor
diode; (a) (b) Operational mechanism schematic of supercapacitor diode under forward and reverse bias;
(c) (d) Cyclic voltammogram and current-voltage characteristics of supercapacitor diode®
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Fig. 4 Capacitance-coupled memristive effect and schematic of its operational mechanism: (a) Mathematical
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capacitor; (d) Non-zero-crossing I-V curve induced by capacitive effects in a memristive system; (e) Circuit
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Fig. 5 Effect of porous carbon adsorption on electrolyte concentration and performance characterization of
ionic memristors: (a) Switching resistance retention and actual resistance of D-Cap in 0.1 mol/L C,,AmOMCI and
ChCl under 20 s pulse width/interval applied to M-Cap; (b) Actual resistance change of D-Cap in corresponding
pulse tests; (c) Current-time curves and average switching energy per pulse for M-Cap under ten 1V, 20 s pulse
width/interval pulses in 0.1 mol/L C,,AmOMCI and ChCI; (d) Resistance state of D-Cap after 10 and 100 1V, 20 s
pulse width/interval pulses in 0.1 mol/L C12AmOMCI; (e) Schematic of a three-terminal ionic memristor in
C12AmOMCI electrolyte; (f) Switching resistance variation of W-Cap in 0.1 mol/L C12AmOMCI and ChCI under
20 s pulse width/interval applied to UG; (g) Concentration-time profiles of ChCl, NaSal, and C12AmOMCI
aqueous solutions induced by porous carbon adsorption; (h) Switching resistance retention of D-Cap under
voltage pulses in different electrolytes within a four-terminal device; (i) Schematic of a cuvette cell for NaSal
detection; (j) Contour plot of UV-Vis spectra from an in-situ cuvette cell with 1 mol/L NaSal electrolyte™
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Fig. 6 Working Mechanism and Memristive Performance of MOF-Based Supercapacitor Memristors: (a) (b) The
working electrode ZIF-7 is positively charged and the counter electrode negatively charged (forward bias, U>
0) ;(c) (d) The working electrode ZIF-7 is negatively charged and the counter electrode positively charged
(reverse bias, U<0) ; (e) (f) Schematic representation of the /-U curve of CAPistor with coupling capacitance
and memristor effects. During the test, the period of the voltage scan is 0V—1.6 V—-1.0 V—0 V, and the scan
rate is 0.02 V/s; (g) Resistive switching behavior of CAPistor in 4 voltage ranges; (h) CVs from at different scan
rates; (i) The scan rate dependence of resistances read at 1.5 V in HRS and LRS; (j) Comparison of resistance
witching performance (retention and on/off ratio) of the CAPistor with other conventional memristors



¥ 5 JEOREAE BT ARZME B AR A A A 2 P A A B R SRR S BT FURT A 1911

Polyelectrolyte-confined Biological heurons
fluidic memeristor
§ : @)
> ° ) l o -
N y L3 © ~
Na® & Bioinspired ionic \ 4 é /o
: — o
‘\ ; memristor B \ @/ Xiong et al., Science
h ° 379,156-161 (2023)
) 3 lon current Y 1 4
> ? >
! Biological neurons
> ¢ > Supercapacitor-memeristor
V\ Cell membrane with
) 4 ' peneratie ion Nonlinear ion transport
. 5 channels oo lon current ° in MOF
‘ ° o nanochannels
5 Potential
Cytoplasmic side applications
_ > —_—
Extracellular side Bringing the functionality of a fluidic memristor to a pseudocapacitor

@

- i i c i . g
Synchrotron X-ray analytical techniques _%- Zn K The valence state of Zn o IZ::It;gprlstme
o 5 remains unchanged - a
g A\ ey &
< RGP e 2
- ) o __Znfoil x
N ZnO =
g Zif-7 Pristine <
< - S ——Zif-7 Positive 0.5V |
. 2 Zif-7 Negative -05V =
: o ,’ ) L L L L
:3,—: Ly d 9650 9700 9750 9800 0 2 4 6 8 10 12 14
e Energy/eV Wavenumber/A™
XANES EXAFS © O]
== O == Zn N e Oﬂ.IZn foil
> : : ~ Zn Zn Zno o Zif-7 pristine
Memiristor behavior < Zif-7 Pristine & — Fitting
R — Zif-7 Positive 05V <L
X /\ Zif-7 Negative -0.5VZ
= <
ﬁ X
~ L é\’\/‘)\/J AT
Hystere5|s dynamics K*e OHe )
(b) 0 2 4 6 0 2 4 6 8 10
RIA RIA
(d ®

&7 MOF EBRERZIZHEZMNIZENHNIERT1 A=0.1 mm: (a) BEFEHIZANKRER: NEVPHKBERETFIZ
FEH2%, F3ZEICAPistor; (b) ETEISHESFRIEMFEHZIF-7 EAEBM THEENREE; (c) FRIEBAT ZIF-7 R,
SESATELEER X FHEIDARYIE ; (d) FRIEBALT ZIF-7 AR SESAME LY R X ST IS AL aiE ; (e) ARAEM

BB ERT ZIF-7 AR FE$E KIRUGA Y EXAFS k°x (k) i%; (f) RN ER ZIF-7 B4R 5% KIRWGZ A EXAFS kX (R) &K

H AR
Fig. 7 Unveiling the Memristive Mechanism of MOF-Based Supercapacitor Memristors: (a) Schematic
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Fig. 8 Energy storage and memristive function of zinc ion capacitor-based fluidic memristor; (a) (b) Energy storage
working mechanism diagram of zinc ion capacitor; (c) CV curves of ZIC-FM based on 1 mol/L Zn (OTf) ,; (d) GCD

curves of ZIC-FM based on 1 mollL Zn (OTf) ,; (e) The capacitive contribution of the ZIFC based on 1 mollL Zn (OTf) *

at a scan rate of 10 mV/s; (f) Capacitive contribution of ZIC-FM based on 1 mol/L Zn (OTf) * electrolytes;

(g) Mass specific capacity and coulombic efficiency of ZIC-FM at different current densities; (h) Ragone plot of
ZIC-FM; (i), (k) I-V curves of ZIC-FM under a triangle wave with a scan rate of 10 mV/s; (I) The maximum peak
current of the /-U curve at voltage interval bits of -0.6—0.6 V and 0.2—1.8 V; (m) (n) Current responses under
voltage pulse train (the pulse voltage is * 0.6 V and the pulse interval time is 5s) with a pulse application

time of 0.04 s. Electrolyte, 1 mol/L Zn (OTf) *; (o) Evolution of ionic current (purple) under constant polarity

(grey) voltage pulses. Successive positive (negative) pulses lead to an increase (decrease) in the
current. Electrolyte, 1 mol/L Zn (OTf) ,**
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