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In the development of big data and artificial intelligence, the usual data
storage media are not sufficient. The next generation of data storage
must meet the demand for high-density storage and energy efficiency.
One such technology is resistive random-access memory (RRAM),
which stores data through changes in resistance.

In the journal Angewandte Chemie International Edition, a research team
has now introduced an approach to making supramolecular memristors,
one of the key components in the construction of nano-RRAM.

A memristor (short for memory-resistor) changes its resistance
depending on the voltage applied. However, constructing a memristor on
the molecular scale is an enormous challenge. Although resistance
switching can be achieved through redox reactions, and the charged
states of molecules can easily be stabilized by counterions in solution,
this stabilization is very difficult to achieve in the solid-state junctions
required for a memristor.

A team led by Yuan Li at Tsinghua University in Beijing, China, has
now chosen to take a supramolecular approach. It is based on a
[2]catenane that is bistable, meaning it is stable in both oxidized and
reduced forms and can exist in a positive, negative, or uncharged state. A
[2]catenane is a system of two large molecular rings that are interlocked
like two links in a chain but are not chemically bonded.

To build a memristor, the team deposits the catenane onto a gold
electrode coated with a sulfur-containing compound, where it is bound
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through electrostatic interaction. On top of this, they put a second
electrode made of a gallium-indium alloy coated with gallium oxide. The
catenane forms a self-assembled monolayer of flat molecules between
the two electrodes. This ensemble, designated as
AuTS-S-(CH2)3-SO3

–Na+//[2]catenane//Ga2O3/EGaIn, forms the
memristor.

As is required for RRAMs. These novel supramolecular memristors can
be switched between a state of high resistance (off) and a state of low
resistance (on), depending on the applied voltage. These molecular 
resistance switches have achieved at least 1,000 erase-read (ON)-write-
read (OFF)–cycles. Switching between on and off occurs in significantly
less than one millisecond, which is comparable to commercial inorganic
memristors.

The molecular switches "remembered" the set state—ON or OFF—for
several minutes. This makes them a highly promising starting point for
effective molecular memristors with non-volatile storage capabilities. In
addition, they function as diodes, or rectifiers, which makes them
interesting components for the development of molecular nano-RRAMS.

  More information: Yu Xie et al, Supramolecular Memristor Based on
Bistable [2]Catenanes: Toward High‐Density and Non‐Volatile Memory
Devices, Angewandte Chemie International Edition (2023). DOI:
10.1002/anie.202309605
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