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Where is Unimolecular Electronics?
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The field of proposed “unimolecular devices” consisting of a
single molecule between measuring electrodes was born in the 1974
theoretical paper by Arieh (now Ari) Aviram and his doctoral adviser
Mark A. Ratner [1], which proposed a one-molecule rectifier (=one-
way conductor) of electricity, as the molecular equivalent of the
inorganic “pn junction” rectifier using macroscopic “p or n-doped”
semiconductors.

The first such rectifier was a heterojunction monolayer in 1990
[2], confirmed in 1993 [3] and proven as a homojunction monolayer
rectifier in 1997 [4]. Since then, at least 50 rectifiers have been studied
world-wide, along with many more unimolecular wires [5-7].

The hope had been that such unimolecular devices (of size 2 nm
each)could match or replace the competing gradual yet dramatic
decrease in component size of inorganic semiconductor devices in
integrated circuits (Moore’s “law”) [8]. That hope has been dashed
[7] because (i) the currents measured through single molecular wires
or rectifiers have varied by two to three orders of magnitude (high
dispersion), (i) the proposed molecular equivalent of a junction
transistor [9] has not been realized, (iii) the rectification ratios have
remained too small (but see below), and (iv) because of limited
funding.

There has been, however some hopeful progress:

a) Nijhuis and co-workers have seen rectification in monolayers
of alkyne-linked bisferrocene with a pentadecanethiol “tail”
sandwiched between template-stripped Pt and Ga In eutectic
electrodes that reached a rectification ratio RR(V) = -I(V)/I(-V)
of 630,000 [10];

b) Cyganik and co-workers have created a periodic closed-packed
monolayer of a phenylcarbene covalently bonded to Au (111) but
have not yet measured any currents across the monolayer [11]:
in the future this may facilitate a current through these carbenes
with minimal dispersion, as the best way to measure unimolecular
wires and rectifiers (if the other end can also be suitably bonded
to the second electrode in similar close-packed fashion). Never,
never, never, never give up [12].
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