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The trigonellinium cations in the partially oxidized
Ni(dmit)2 complex salt 1 formed strong O–H���O hydrogen-
bridged dimers, and the dimers are held together by the weak
C(sp2 and sp3)–H���O hydrogen bond to form 1D strands. Further
assembly through weak C(sp3)–H���O hydrogen bond and �����
interaction resulted in the formation of Ni(dmit)2 column struc-
ture.

Among various intermolecular interactions, hydrogen bond
is one of the most important noncovalent interactions. Since the
hydrogen bond can provide practicable methods for design of
molecules with specific topologies,1 it is often used to construct
novel supramolecular assemblies. In many cases, supramolecu-
lar assemblies are achieved not only by the strong hydrogen
bonds such as O–H���O and N–H���O but also by the weak C–
H���O hydrogen bonds and ����� interactions. The importance
of C–H���O hydrogen bonds is now widely recognized especially
in the formation of crystal structures. The understanding and uti-
lization of all noncovalent interactions including allegedly weak
interactions are of fundamental importance for further develop-
ment of crystal engineering, i.e., the tuning and the prediction of
crystal structure.2

The metal complex Ni(dmit)2 (dmit = 1,3-dithiole-2-thi-
one-4,5-dithiolate) has been widely studied as conducting or
magnetic materials.3 Its molecular arrangement can be sensitive-
ly affected by strong and directional noncovalent interactions.
To date, we have been exploring a method to control the
Ni(dmit)2 arrangement by regulating intermolecular interaction
of chemically modified cations.4 The synthesis of (3MMP)-
[Ni(dmit)2] (3MMP = meta(3)-methoxycarbonyl-1-methylpyr-
idinium) has aroused our interest in weak hydrogen bond, be-
cause less attention has been paid to the ability of weak hydrogen
bonds to control the arrangement of complex salts. In this report,
we have used a trigonellinium ion (3-carboxy-1-methylpyridini-

um, TRGH) as a counter cation. TRGH is an OCH3 to OH sub-
stituted 3MMP analogue, and we have expected a formation of
three-dimensional network through O–H���O hydrogen bonds.5

However, novel one-dimensional (1D) strands of trigonellium
cations are formed through cooperative weak and strong hydro-
gen bonds. To the best of our knowledge, regardless of small
planar cation used, this complex salt is the first example of the
aggregate constructed by the cooperation of weak and strong
hydrogen bonds in the Ni(dmit)2 salt.

The single-crystal X-ray diffraction analysis6 showed that
the complex salt 17 is constituted of crystallographically inde-
pendent three [Ni(dmit)2]

0:5� and three trigonellinium as counter
cations. Two trigonellinium share one hydrogen atom (H2) by
two carbonyl oxgen atoms. The remaining trigonellinium togeth-
er with its symmetrically equivalent one also shares one hydro-
gen atom (H4) (see Figure 1a). However, owing to the symmet-
ric requirement, H4 is treated as a disorder with 50% population.
Packing analysis revealed the formation of 1D strand construct-
ed by weak and strong hydrogen bonds. Three strands are
stacked to form rod-like structure as shown in Figures 1c and
1d. The hydrogen bonds O–H���O of H2 and H4 [O(4)���
O(4A) = 2.487(6) Å, O2���O6 = 2.468(4) Å; O(4)–H(4)–
O(4A) = 176�, O(2)–H(2)–O(6) = 157�] known as the low-bar-
rier hydrogen bonds (LBHB) are especially strong.8 Further-
more, the dimers formed by this LBHB are linked by weak
C(sp2 and sp3)–H���O hydrogen bonds [2.25–2.65 Å (H���O),
3.054(6)–3.377(6) Å (C���O), 132–150� for H4-linked dimer;
2.21–2.69 Å (H���O), 3.121(7)–3.508 Å (C���O), 129–168� for
H2-linked dimer] to form planar and nonplanar 1D strands
(Figure 1b; nonplanar strand is omitted for clarity.). In the C–
H���O hydrogen bonds, typical values for H���O and C���O dis-
tances were 2.4–3.0 and 3.0–4.0 Å, respectively.9 Furthermore,
the planar and nonplanar strands are held together by C–H���O
hydrogen bond and ����� stacking interaction to form the 1D
rod-like domain oriented parallel to a axis as shown in

Figure 1. Packing scheme of 1. Dashed lines indicate the intermolecular (a) O–H���O, (b) C(sp2 and sp3)–H���O, and (c) C(sp3)–H���O hydrogen
bonds. (d) Crystal structure of the salts 1.
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Figure 1c, where the capped-sticks style is used to express non-
planar strand and the ball-and-stick style used for planar one.
The geometric parameters are 2.70 Å (H(38A)���O(4)), 3.595 Å
(C(38)���O(4)), 156�, and interplanar distance between A and B
planes is 3.582 Å.2a As shown in Figure 1d, the diameter of
the rod-like domain of strands of cations is ca. 21.1 Å. Although
Ni(dmit)2 anions are surrounded by the rods, inter-anionic con-
tacts still remain in the directions of b and c axes.

Figure 2 shows the columns of Ni(dmit)2 units viewed along
c axis. There are no significant differences in the bond lengths
and angles between the three independent Ni(dmit)2 units. Since
some vibration mode was known to be sensitive to the formal
charge of Ni(dmit)2, the IR spectra have been examined. The
strong band around 1280 cm�1 observed is assigned to the
C=C stretching band. This band was known to exhibit large
shifts by the formal charge of Ni(dmit)2; 1260 cm�1 for
[Ni(dmit)2]

0:29�, 1350 cm�1 for [Ni(dmit)2]
� and 1440 cm�1

for [Ni(dmit)2]
2�.3d The result shows that the [Ni(dmit)2] units

are neither mono- nor dianion,7 but are in a partially oxidized
state, as can be estimated from the stoichiometry. Independent
interplanar distances are 3.50 (A), 3.53 (B), 3.54 (C), and
3.60 (D) Å (see Figure 2a). The modes of the molecular overlaps
are shown in Figure 2b. There are a large number of intermolec-
ular S���S contacts between intra- and intercolumns which were
known to be responsible for the high conductivity; the distance
of S���S contacts between intra- and intercolumn in the directions
of a, b, and c axes is in the range of 3.43–3.69, 3.47, 3.25–3.65 Å,
respectively.

The electrical conductivity of compacted pellet7 of 1 shows
semiconducting behavior with room-temperature conductivity
of 2:2� 10�4 S�cm�1 which is lower by 102–104 compared with
other partially oxidized Ni(dmit)2 complex salts.10 The reason of
the low conductivity is uncertain, but the use of the compacted
pellet instead of single crystal might have decreased the conduc-
tivity, since the preparation of large single crystal is unsuccess-
ful. The anisotropy of the electrical conduction can be estimated
from the 1D structure of the crystal. In the case of [(CH3)4N]-
[Ni(dmit)2]2 which has smaller cation, the anisotropy of the
electrical conductivity was about 103.10d

In conclusion, we have shown supramolecular synthon
model for the construction of the 1D crystal structure based on
cooperative weak and strong hydrogen bonds. The present result
demonstrates that although the electrostatic interaction predom-
inates and controls the crystal packing, the weak interaction

also plays an important role in determining the orientation of
the cations.
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