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An inorganic—organic hybrid crystal was synthesized by
using polyoxomolybdate and hexadecylpyridinium surfactant.
The unit cell was monoclinic having quite a long cell dimension
(b=75.0111(14)A). The crystal structure was formed by
alternative stacking of f-octamolybdate bilayers and interdigi-
tated hexadecylpyridinium bilayers with layered periodicity
of 3.75nm, which is the largest value for polyoxometalate—
surfactant hybrid crystals.

Polyoxometalate cluster anions have various physicochem-
ical properties and behave as electron acceptors, luminescent
moieties, magnetic components, or catalysts.'™ Polyoxometa-
lates can be organized by structure-directing surfactants*® to
construct inorganic-organic hybrid materials’ and layered
crystals.31® These polyoxometalate—surfactant hybrids can
allow fine tuning of structure and function. Polyoxometalate—
surfactant layered crystals with high crystalline order are
promising for conducting materials as observed in precedential
inorganic—organic hybrid conductors.!”-1

Octamolybdate anion (MogO*~, Mog) has several isomers
such as a-type or B-type,2°2* and the type of isomer affects the
formulae and structures of the Mog and hexadecylpyridinium
(Ci6py) hybrid layered crystals.'* One of the hybrid crystals
is composed of PB-type Mog (B-Mog) with a formula of
[CsHsN(C6H33)]3Na[ 8-MogOy]- CH3CN (1).1* This contains
infinite one-dimensional chains consisting of 8-Mog and Na™,
which can potentially behave as conducting molecular wire.
Such B-Mog—Na* chains may be used as a connecting
component to build a molecular circuit on a solid surface.
Therefore, these one-dimensional 8-Mog-Na™ chains should be
precisely arranged in three-dimensional bulk crystals before the
application to two-dimensional surfaces. In addition, layered
structure with long periodicity enables effective separation of
the potentially conductive 8-Mog—Na™ layers by the insulating
Ciepy layers.

We report here an unprecedented type of hybrid crystals 2
containing B-Mog and Ci¢py. The crystal of 2 contained the
same structural component of one-dimensional S-Mog—Na™
chain as in 1. However, the packing of the 8-Mog-Na™ chain
was different, which leads to a crystal structure with quite long
periodicity for 2.

The hybrid crystals of 2 were synthesized by using the
hybrid crystal containing c-type Mog (@-Mog) and C;epy.'* The
Ci6py—¢-Mog crystals were dissolved in acetonitrile as starting
material.>® A crucial difference between the formation of 2 and
1 is the presence of Na' and ethanol. The ®-Mog anions are
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thought to isomerize into 8-Mog anions,?%2! which reprecipitate

with Cgpy to form the C gpy—B-Mog crystals of 2.

IR spectra,” elemental analyses,” and X-ray structure
analysis?®?’ revealed the composition of 2 to be [CsHsN-
(C16H33)]3Na[,3-M08026]-CH3CN-C2H50H. The counter cat-
ions are three Cspy and one Na't per 8-Mog of 4— charge, the
same as 1. The difference in the composition between 1 and 2 is
the presence of ethanol as solvent of crystallization. 2 contains
one ethanol as well as one acetonitrile, while 1 has only one
acetonitrile. The unit cell of 2 is monoclinic, and the length
of b axis (75.0111(14)A) is quite long compared with other
surfactant crystals.”® As shown in Figure I, 2 consists of
alternate stacked f-Mog inorganic layers and Cigpy organic
layers with periodicity of 37.5 A, which is much larger than 1
(18.6 A)'* and the largest among all other polyoxometalate—
surfactant crystals.®1¢

The organic layers consist of intedigitated C;4py bilayers.
All C-C bonds except one C-C bond (C48-C49) have anti
conformation. The hydrophilic heads of C;¢py penetrate into the
B-Mog inorganic layers as observed in other Cigpy—polyoxo-
molybdate crystals.'>!*

The inorganic layers are composed of infinite chains of
B-Mog connected by Na* cations (Figure 1) as observed in 1'4
and other B-Mog salts.?®3? The one-dimensional 8-Mog—Na™
chains have almost the same structure as those in 1. However,
the packing of the B-Mog-Na' chains is quite different
(Figure 2). Figures 2a and 2b are projections along the direction
of the S-Mog—Na™ chains. In the crystal of 2, the S-Mog-Na™
chains arrange in a bilayer (Figures 1 and 2a). Such bilayer
structure in the polyoxometalate—surfactant hybrid crystals is
rare.'® The C;4py tail is tilted by 17.5° from the normal of the ac
plane which is parallel to the 8-Mog inorganic layer (Figures 1
and 2a). On the other hand, the S-Mog-Na™ chains in 1 form
a monolayer structure (Figure 2b), which is typical for the
polyoxometalate—surfactant crystals.®'® The tilt angle between
the Cigpy tail and the B-Mog inorganic layer is 59.7°
(Figure 2¢). The bilayer structure of S-Mog-Na™ chains and
smaller tilt angle of the Cigpy tail will result in the layered
crystal of 2 with unusually long periodicity.

The inorganic bilayers of 2 are composed of B-Mog-Na*t
anionic chains, Cj¢py cations, and acetonitrile molecules
(solvent of crystallization). The space between the S-Mog-Na™
chains is filled by the hydrophilic moiety of Cspy and
acetonitrile molecules, which are located in the vicinity of
Na* cations. Two pyridine rings containing N1 and N2 are not
parallel (angle: 23.2°), but slightly overlapped, suggesting the
presence of weak 71— stacking interaction (distance between
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Figure 1. Crystal structure of 2 (C: gray, N: blue, O: red, Na: pink; B8-Mog in polyhedral representations). Hydrogen atoms are
omitted for clarity: (a) packing diagram along c axis, (b) local structure along ¢ axis, and (c) local structure along a axis.

Figure 2. Crystal packing of C;¢py—B-Mog hybrids (C: gray,
N: blue, O: red, Na: pink; 8-Mog in polyhedral representations).
Hydrogen atoms are omitted for clarity: (a) 2 along « axis, (b) 1
along [110] direction,'* and (c) 1 along [110] direction.'*

pyridine rings: 3.37-4.34 A). Besides, the pyridine rings with N1
interact with acetonitrile molecules. The ethanol molecules are
located at the interface between the 8-Mog and Ci¢py bilayers,
outside the inorganic bilayers.

The formation of 2 seems to require the presence of Nat and
ethanol. As described above, 2 contains ethanol together with
acetonitrile as solvent of crystallization, which probably causes
the drastic difference in the packing of the 8-Mog—Na™ chains.
The crystals of 2 were obtained in several days,?® while the
formation of 1 takes over several months.'* 2 precipitates faster
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Figure 3. Powder X-ray diffraction patterns of 2 from (a)
observed data measured at 93K and (b) calculated data using
the structure obtained by single-crystal X-ray diffraction.
A(CuKa) = 1.542A.

than 1 and is possibly a metastable phase. However, recrystal-
lization of 2 from acetonitrile did not yield the crystals of 1 but
the Ci¢py—¢-Mog crystals by means of the isomerization from
B-Mog to a-Mog.2%?!

Powder X-ray diffraction’’ of 2 measured at 93K
(Figure 3a) approximates to the pattern calculated from the
results of single-crystal X-ray analysis (Figure 3b). This indi-
cates that 2 is formed as a single phase, while 1 is obtained
as a mixture with the C;spy—-Mog crystals.!* 2 is stable as
crystalline material with the 8-Mog molecular structure retained,
although the solvents of crystallization seem lost in the air.

In the crystal structure of 2, there are several C-H--O
hydrogen bonds®>33 between B-Mog and Cspy or solvent of
crystallization. The C--O distances of the hydrogen bonds are
3.22-3.96 A (mean value: 3.61 A). These values are similar to
those for 1, which has C-H--O hydrogen bonds only between
B-Mog and Cygpy.
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In conclusion, we have reported a inorganic—organic hybrid
crystal composed of B-type octamolybdate and hexadecylpyr-
idinium, [C5H5N(C16H33)]3Na[ﬂ-M08026] . CH3CN . C2H50H
(2). 2 had quite long layered periodicity, and different structure
from another C;spy—-Mog crystal 1. 2 contained bilayers of the
B-Mog—Na' chains, while 1 was formed by monolayers of the
B-Mog-Na' chains. The addition of ethanol to the mother liquor
induces the drastic change in the arrangement of the 8-Mog-Na™
chains. The functions such as conductivity can be controlled by
changing the molecular arrangement in the polyoxometalate—
surfactant hybrid crystals.

This study was supported in part by Research and Study
Program of Tokai University Educational System General
Research Organization, and The Murata Science Foundation.
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