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This paper describes the synthesis and elec-
trical properties of salts of the anion-
radical of 7,7,8,8-tetracyanoquinodimethan
(TCNQ), a new class of organic semiconduc-
tor which at the time included the most
highly electrically conducting organic mate-
rials known. Moreover, their conductivities
and electron spin resonance spectra were
highly anisotropic with respect to-the crystal
axis. Subsequent studies at Du Pont and
other laboratories worldwide led to
discoveries of organic ‘metals,’ so called
because of their unusual metal-like elec-
trical properties. [The SC/® indicates that
this paper has been cited in over 520
publications since 1962.]
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“QOur discovery of the anion-radical salts
of 7,7,8,8-tetracyanoquinodimethan (TCNQ)
began an era of intense interest in the
physics of organic solids. Along with that
the disciplines of organic chemistry and
physics showed a remarkably productive in-
terplay in quest of new materials having un-
conventional electronic properties.

“Before | describe our work | must ac-
knowledge that of William D. Phillips whose
name does not appear on our paper. He has
long since left our laboratories but at the
time it was the cooperation between Phillips
and me that originally stimulated this work.

“In 1959, much of the work in our depart-
ment dealt with the chemistry of polycyano
compounds and | was looking for practical
uses for such compounds. My project was
beginning to fade so as a side issue | made
some n-complexes from conventional
n-acids and n-bases because Phillips was in-
terested in examining their ESR spectra.
Among those was that from chloranil and
diaminodurene (CA/DAD), and Phillips
asked one of our physicists, Glen Kepler, to
measure the electrical resistivity of this

material. It showed a room temperature
resistivity of around 3X103 ohm cm.,, the
lowest value reported for an organic com-
pound at that time, and the temperature
dependence was characteristic of semicon-
duction. | proceeded to make a variety of
complexes from the r-acid TCNQ which had
come from the cyanocarbon research in our
department. These showed characteristics
similar to CA/DAD and this quickened our
interest because TCNQ was our proprietary
material. Bob Harder, Wally Hertler, and
Walter Mahler were also assigned to expand
our synthetic work.

““Hertler quickly discovered a crystalline -
derivative of TCNQ and triethylamine
which had a needle axis resistivity of 0.5
ohm cm.! -Moreover, the resistivity was
hiﬁhly anisotropic with respect to the two
other crystal axes. With help from our
physical people, Hertler and Harder showed
that it represented a new class of complex
incorporating one cation, one TCNQ anion-
radical, and a neutral molecule of TCNQ,
which we abbreviate as M+(TCNQ),~, and
which we call complex ion-radical salts.
From that basis we were able to synthesize a
host of organic semiconductors.

“To that point our methods had gener-
ated the TCNQ anion-radical in the
presence of neutral TCNQ, and the propen-
sity for complex salts to form under these
conditions frustrated our attempts to make
the simple salts M+ TCNQ~. We wanted
these very badly for comparison with the
complex salts. The key was provided by
Mahler who came up with the lithium salt
Li+ TCNQ~ which was soluble enough in
organic media to allow us to prepare
TCNQ~ simple salts by metathesis with
quaternary ammonium and other organic or
inorganic salts. Using this technique |
prepared N-methylphenazinium TCNQ™
which proved to be the first organic com-
pound to show metallic conductivity rather
than semiconduction.1.2

“Subsequent work in other laboratories
branched from this to other derivatives of
TCNQ which show even higher metallic con-
ductivity?3 and to other materials which,
although chemically unlike those deriva-
tives, behave like organic metals. So con-
tinues the search for new materials, new
properties, and new uses.”
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