1106 Chem. Mater. 1994, 6, 1106-1108

1:1 Imidazolium
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The solid-state properties of 7,7/,8,8'-tetracyano-p-
quinodimethanide (ITCNQ]*-) salts are particularly sen-
sitive to the nature of the cation.! Despite suggestions to
the contrary,? direct interaction with a counterion is
common. In1:1stoichiometry alkali metal TCNQ*-salts,
metal ions coordinate directly to the nitrile groups of the
anion but where direct interaction is not possible, e.g.,
with organic cations, aromatic face-to-face stacking is
normally observed unless the cation prefers to stack with
itself (as in TTF/TCNQ).! When direct interaction is
inhibited, by for example crown ether encapsulation of
the metal cation, structural reorganization occurs in which
the TCNQ stackisreplaced by isolated {[TCNQ]*}; dimers
but the overall structure is such that coordination to the
cation is maintained.* 3,3’-Diethyloxacyaninium tetra-
cyano-p-quinodimethanide, 1, forms columns in which
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pairs of cations and anions alternate and are stacked face-
to-face (D*D*A-A-D*D*, where D is the electron donor
and A is the electron acceptor).® A number of structures
have also been observed in which the [TCNQ]*- anion
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enters into hydrogen-bonding interactions with N-H
hydrogen-bond donors.®

We have now studied the solid-state behavior of three
(1:1) imidazolium TCNQ salts 2 in which the substitution
pattern about the cation is varied. All the ring protons
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of substituted imidazolium cations have been shown to
act as excellent C—H hydrogen-bond donors.” Such cations
may also enter into aromatic-stacking interactions.® In
this communication, we demonstrate that both types of
interaction can occur in these salts 2, depending on the
substitution pattern, and that they can be used to control
the architecture of the TCNQ salt.

The three alkylated imidazolium tetracyanoquin-
odimethanides 2a-c were prepared by the metathesis
reaction of Li[TCNQ] with the appropriate imidazolium
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chloride salt. They were structurally characterized,® and
their single-crystal solid-state EPR properties were in-
vestigated.

[Emim][TCNQ] 2a (where [emim]™* is the 1-ethyl-3-
methylimidazolium cation) has previously been shown to
be asemiconductor.l® Inthesolid stateit formssegregated,
infinite stacks of adjacent [TCNQ]*- and [emim]* ions
(Figure 1a,b). Within the [emim]* stack, the cations are
dimerized with the imidazolium rings antiparallel and the
ethyl groups external to the dimer. The [TCNQ]*- anion
exhibits a distorted boat conformation, as seen for Rb-
[TCNQ].!! Within the [TCNQ]*- stack, the anions are
dimerized, the intradimer overlap being long-axis slipped
(see Table 1); the interdimer overlap is also considerably
long-axis slipped (Figure laand Table 1), but in the reverse
direction. This is quite unlike the usual “staircase”
formation found in the [TCNQ]*- dimer stacks of simple
metal TCNQ salts.!?2 It would appear that this distortion
is caused by the presence of hydrogen-bond-type interac-
tions!® (A and B in Figure 1c; for A, C-H.«N = 2.33, C-~N
= 3.19 A; for B, C-H--N = 2,52, C..N = 3.29 A) A being
between one of the [TCNQ]*- nitrile groups and H-2 of
the imidazolium ring and B between the neighboring nitrile
group and the methyl protons of the cation. The center
of symmetry within the [TCNQ]*- dimer leads to the pairs
of hydrogen-bonds being trans disposed (Figure 1¢). The
consequence of this arrangement is that while one of the
[TCNQ]*- anions is pulled into the “staircase” the other
is pulled out of it (Figure 1a,c). This is the first recorded
observation of an interaction of [TCNQ]*- with a C-H
hydrogen-bond donor. It is quite remarkable that such
an interaction, which would at first sight be expected to
be weak, should have such a dramatic effect on the solid-
state structure of this salt.

In the solid-state EPR spectrum of 2a, there is a sharp
central line which is both orientation and temperature
independent: this signal arises from a doublet species.
Above 50 °C, a second orientation-independent, but
temperature-dependent, resonance appears overlapping
with the doublet species: this arises from a migrating
triplet exciton. Such behavior is typical of salts with
infinite chains of [TCNQ]*- anions.}4

[Edmim][TCNQ] 2b (where [edmim]* is the 1-ethyl-
2,3-dimethylimidazolium cation) was prepared in order
to investigate the consequence of blocking the hydrogen-
bonding site (C-2) of the imidazolium ring. In this case
thesolid-state architecture adopts a patternin which stacks
of cations and anions alternate (i.e., D*D*A-A-D*D*) in
a manner similar to that observed for 1.2 Within the
{{TCNQ]*}2dimer, the overlap is short-axis slipped (Table
1), each anion having a distorted boat conformation. The
[edmim]* cation dimers adopt an antiparallel arrange-
ment, in which the ethyl groups are internal to the dimer
(Figure 2). Nohydrogen-bonding interactions are evident
(shortest C--N = 3.38 A). The solid-state EPR spectrum
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Figure 1. Views of the solid-state structure of 2a showing (a)
the TCNQ'- stack, (b) the [emim]* cation stack, and (c) the close
C-H-+N contacts.
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Table 1. Comparison of TCNQ*~ Dimer Geometries in 2a—c

short-axis slip long-axis slip

vertical -
compound separation (A)  deg A deg A
2a (intradimer) 3.11 3.9 0.21 35 2.17
2a (interdimer) 3.7 12.2 0.8 59.7 6.34
2b 3.25 4.8 0.27 0.8 0.05
2c 3.19 15.3 0.87 0.8 0.04
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Figure 2. Side view of packing in 2b, showing the columns of
alternation of 1-ethyl-2,3-dimethylimidazolium cation and
{{TCNQ]*}; dimers.

of 2b consists of a sharp central line which is both
orientation and temperature independent, arising from a
doublet species, in addition to a thermally activated static
triplet exciton [activation energy J = 0.58(6) eV]. This
behavior is typical of salts with isolated {{TCNQI*}.
dimers.3-5

In [etmim][TCNQ] 2¢ (where [etmim]* is the 1-ethyl-
2,3,4,5-tetramethylimidazolium cation} the presence of the
additional methyl groups prevents close face-to-face
contact of imidazolium rings. In this case, the solid-state
structure consists of isolated {{TCNQ]*-}; dimers encap-
sulated by coplanar pairs of [etmim]* cations forming
(D*)2A~A~(D*)2 columns (Figure 3). The {{TCNQI*}.
dimer is short-axis slipped (see Table 1), typical behavior
in the absence of coordination,3 and each [TCNQ]*- anion
adopts a distorted boat conformation. Each of the
imidazolium rings is situated above a methine carbon of
the [TCNQ]*-anionrather than above the [TCNQ]*-ring.
The ethyl groups interlock about the {{ TCNQ]*-}, dimers,
thereby facilitating the closest possible packing of the
structure, and result in adjacent columns being displaced.
No triplet exciton behavior was observed in the solid-
state EPR spectrum of 2¢. This unexpected result is still
under investigation.

Thestructures of [TCNQ]*-salts are extremely sensitive
to changes in the cation. In the presence of a suitable
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Figure 3. Side view of packing in 2¢, showing the isolated
{{TCNQ]*}, dimers.

hydrogen-bond donor (e.g., the [emim]* cation), interac-
tions with the nitrile groups of the TCNQ anion control
the structure. Intheabsence of such interactions, aromatic
stacking effects, anion—anion, cation—cation, and cation—
anion, dominate as seen in [edmim][TCNQ] 2b. When
aromatic stacking interactions of the cation are prevented,
as in [etmim][TCNQ] 2¢, the structure is determined by
aromatic stacking of the anion ([TCNQ]*-) and electro-
static attraction between C(CN); moieties of the anion
and the cation. The dramatic structural effects of such
relatively small changes in the substitution pattern about
the imidazolium ring are alsoreflected in the triplet exciton
behavior of the salts 2a—¢. Indeed these salts show the
complete range of thermally activated triplet exciton
phenomena ranging from mobile excitons in 2a through
static exciton in 2b, to no exciton behavior for 2¢. More
detailed EPR studies are in progress to elucidate the cause—
effect relationship between the structures and properties
observed.
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