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A striking feature of the structure is that the TCNQ molecules
do not form the usual stacks or dimerized statKsinstead
they are arranged as a set of two dimers separated by a “skewed”
TCNQ molecule. Since there are no discrete stacks, the
acceptors are arranged in layefSigure 1). In good agreement
with the three crystallographically observed distinct TCNQ
molecules (two/dimer plus one/skewed), the solid state FTIR
spectrum showed three strong, sharp stretching vibrations at
2208, 2193, and 2178 crh indicating three different types of
TCNQ molecules in the solid. Like Bryce et #ye also failed
to see a correlation between the stretching vibration of the
nitriles of TCNQ and degree of chardfe.The layers (or sheets)
of acceptor molecules are separated by more sparse layers of
donor molecules. The DPBT exists entirely as DPBEee

Organic charge-transfer (CT) salts based on open-shell donorsX-ray data-based (DPBT)structure, above). Judging from the

are rare, with very few reports appearing only in the recent
past!—3 probably due to the scarcity of stable radicals and the
molecular design requirements for stabilizing a neutral radical.
Here we report the preparation and full characterization (UV,
IR, X-ray structure, ESR, magnetic susceptibility, and conduc-
tivity) of a salt with uncommon stoichiometfy (TCNQ)-
(DPBTY),, resulting from the interaction between a neutral, stable
free radical and tetracyanoquinodimethane (TCNQ). The solid
is a two-dimensional semiconductor exhibiting an unusual
pressure dependence of its conductivity at ca 2 kbar.

The open-shell donor selected for this study was DPBT
(2). This compound was chosen for two reasons: (1) with the
exception of the out-of-plane twist of the 4-phenyl group, the
cation and the radical should be planar, allowing for stacking
and concomitant conductivity and (2) the oxidized radical would
be a 106r electron aromatic cation.

"
: jN
1
N Ph
.

(DPBTe) 1

Ph
!

5
EX N\\e{\)}—‘
® Ng

/. A
Jqowl\{ ﬁny\ Ph

(DPBT*)

DPBT is an unexpectedly better doA¢E;» = +0.103 V vs
SCE) than tetrathiafulvalen&{, = +0.30 V vs SCEj and a
considerably weaker acceptdfif, = —0.960 V vs SCE) than
Ceo (Erz= —0.42 V vs SCEf. Both redox processes were
chemically and electrochemically reversible.

Large crystals of the CT complex used for the conductivity
measurements were grown by slow cooling a hot acetonitrile
solution of both components.

The salt is triclinic, space groupl with 2 (DPBT-TCNQ,.5)
per unit cell: a= 7.696(4) A,b = 16.428(3) A.c = 16.706(2)

A; o =91.96(1), B = 103.16(2), y = 97.36(3); V = 2035-
(1) A3 R=0.059,R, = 0.062.
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bond lengths of the exocyclic=€C bonds of the acceptor
molecules'? one of the two dimer molecules is most negatively
charged (&=C, 1.406(2) A) and the skewed TCNQ is essentially
neutral (G=C, 1.378(2) A). On the basis of these data, the
charge-based stoichiometry is DPBTTCNQ)LITCNQO,

At room temperature, the solid state ESR line of a powder
sample of (TCNQYDPBT), had a symmetric shape withHp,
= 1.86 G and g factor of 2.002&+ 0.0002 due to the TCNQ
radical anion. Spin quantitation vs DPPH gave one spin per
salt unit.

Results of static magnetic susceptibility of a 7.2 mg sample
over the temperature range of 200 K, calculated using a value
of 400 x 10-6 emu/mol for Pascal's corrections for diamag-
netism!3 are shown in Figure 2. The data in the figure were
collected at 100 G on a field-cooled, polycrystalline sample.
TheyTvsT plots from the ESR and susceptibility measurements
exhibited essentially identical magnetic susceptibility behavior;
the salt was found to be paramagnetic down~@0 K,
whereupon a transition to an antiferromagnetically ordered state
occurred (Figure 2). For temperatures between 100 and 300
K, in a field of 100 G, the data followed the Cuti&Veiss law
with 6 approximately—31 K, indicating strong antiferromag-
netic interactions between the TCNQ radical anions within the
layers. Figure 1 shows the TCNQ dimer [(TCN{Within the
layers of TCNQs. If each dimer is considered asSan Y5
“molecule”, then the static susceptibility data could b¥fising
an isolated pair model with the exchange energy chosen such
that the maximum lies at 20 K. The fit (solid line, Figure 2)
required] = —30.8 K, scaling factoe= 0.91, [g= 2.0028+
0.0002, and one spin per salt unit (TCN@PBT)). The
excellent fit demands that an unpaired spin be localized on each
(TCNQY), within the layer.

The pressed pellet conductivitg)(of (TCNQ)s(DPBT), in
a simple pres§ wasoc, ~ 1074 S cnT®. Surprisingly, the dc
conductivity of single-crystal samples, using the standard
colinear four-probe method, wag = 3 x 107° ando; = 7 x
1075 S cntl. The salt exhibited activated conductivity. The
measured current direction for the first value of the conductivity
was along the crysta axis and the second value along the
crystalc axis. The typical value of current was approximately
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Figure 1. Stereoview of a unit cell of TCNEDPBT, showing sections of the TCNQ layer and their relation to the cations. Also designated are the
TCNQs which form dimers and the staggered TCNQ in the corner of the unit cell.
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Figure 2. Static magnetic susceptibility angl as a function of Figure 3. Four-probe single-crystal conductivity of (TCNGDPBT),

temperature on a powder sample of (TCN@PBT),. The line through as a function of pressure measured along the crystallograpdmc c

the data points is the calculated susceptibility using the equation of ref directions. The conductivity along theeaxis exhibits a sudden jump

14. In they T vs T curve there is a slight slope between 270 and ca 50 at 2 kbar which is apparently due to a phase transition since

K which indicates a deviation from CuriéVeiss behavior, behavior  occasionallyt the crystal broke upon traversing this pressure. The

usually observed in metals (Pauli susceptibility), not semiconductors. conductivity measured along tleaxis demonstrated behavior more

typical of molecular conductors.

1-0.1uA, and the currentvoltage characteristics were ohmic.

It is important to note that, was measured in the direction of separation. The result is an increase in orbital overlap with a

least aerlap of TCNQ molecular orbitals. Thus, the values concomitant reduction of the band gap of the material to zero

reported here are those of a two-dimensional system. fhe  and obliteration of the built-in Peierls-tyPeintralayer gap.

washigherthan the single-crystal value; anprecedented result In conclusion, we have prepared a D§AXCT salt using a

but in agreement with pressure dependence results (see belowheutral, stable free radical as a donor. The CT solid had a
High-pressure conductivity measurements showed #Qat  structure consisting of (TCN@)ayers. Static magnetic sus-

increased by ca. two orders of magnitude when the pressureceptibility and ESR measurements showed an antiferromagnetic

was increased from 1.8 to 2.1 kbar at room temperaturesand  ordering below 20 K, behavior theoretically ascribable to

increased more gradually. As the pressure was further increasedTCNQ), within the layer. The salt was a semiconductor at

to 15 kbar o, had increased by more than 3 orders of magnitude room temperature and atmospheric pressure, with a strongly

compared to its value at atmospheric pressure (Figure 3). Thispressure-dependent conductivity. We interpreted the unusual

large enhancement i, with a minuscule (0.3 kbar) change in  pressure-dependence on the equalization of distances between

pressure is rather unusual in organic charge-transfer complexes(TCNQ), “molecules” within the layers, which caused an

whereas the pressure dependencespthas been observed increase in ther-orbital overlap with a concomitant reduction

beforel’~1° Moreover, this pressure-induced enhancement in of the band gap and/or removal of a Peierls gap.

conductivity is fully reversible and reproducible under pressure
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