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A polyoxometalate layered crystal containing surfactant
with � electrons was successfully prepared by using hexadecyl-
pyridinium (C16py). X-ray single-crystal structure analysis
revealed that monolayers of hexamolybdate (Mo6) and bilayers
of C16py were stacked alternately. The hexadecyl chains of the
C16py in the bilayer interdigitated each other. The pyridine rings
were inserted into the monolayers of the Mo6 to form the inor-
ganic layers together with the Mo6 anions.

Layered materials are composed of two-dimensional strata
of compounds, and its distinct anisotropy often gives rise to elec-
tronic conductivity, semiconductivity, and intercalation.1–3 The
emergence of interesting properties requires precise control of
the layered structure such as the component arrangement or layer
periodicity. Crystalline layered materials are superior to soft lay-
ered materials with respect to the structural stability and homo-
geneity. Hybrid crystals consisting of conductive organic mole-
cules and inorganic anions have been investigated.4

An effective method for the preparation of hybrid layered
crystals is to use surfactant molecules, which work as a struc-
ture-directing reagent for lamellar structures.5 The layer distance
can be easily controlled by changing the length of long alkyl
chains. Polyoxometalate (POM) anions are promising as an inor-
ganic component owing to their various physicochemical prop-
erties6 and can be selected to design the composition and func-
tions of hybrid layered crystals. POM–surfactant hybrid layered
crystals have characteristics of both POM and layered materials,
which can exhibit novel properties. Several POM–surfactant
hybrid materials have been prepared to date.7 However, POM–
surfactant layered crystals are rare, where all of the surfactants
used contain only saturated alkyl groups.8–11

Here, we report the preparation and structure of layered
crystals of [C5H5N(C16H33)]2[Mo6O19] (1) composed of hexa-
molybdate (Mo6) and hexadecylpyridinium (C16py). To the best
of our knowledge, this is the first POM–surfactant hybrid crystal
containing a surfactant with � electrons.

Compound 1was synthesized by a modified procedure in the
literature.12 To 5mL of aqueous solution of Na2MoO4

.2H2O
(1.25 g, 5.2mmol) was added 6M HCl (1.5mL, 8.7mmol) with
vigorous stirring. After 1min, a water/ethanol (10mL, 1:1
(v/v)) solution of C16pyCl.H2O (0.64 g, 1.8mmol) was added
to form a white precipitate. This suspension was heated at
60–80 �C for 15min with stirring, then filtered, and dried with
suction. The resulting product was dispersed in acetonitrile
and heated to obtain a clear yellow supernatant, from which thin
yellow plates of 1 were obtained by evaporation of the solvent
(yield: 14% based on Mo).13

Figure 1 shows the crystal packing of 1 revealed by X-ray
structure analysis.14 The crystal packing consists of alternating
inorganic monolayers of Lindqvist-type hexamolybdate (Mo6)
and organic bilayers of C16py cations. The periodicity between
the inorganic and organic layers is 16.6 Å. The hydrophobic
hexadecyl chains of C16py interdigitate in the bilayers of C16py,
and all C–C bonds have trans conformation without bending. On
the other hand, the hydrophilic heads of C16py face the Mo6
anions with the pyridine rings inserted into the Mo6 monolayers.

Viewed along the c axis, the inorganic monolayer of Mo6 is
composed of Mo6 anions and pyridine rings paired through �–�
stacking (Figure 2a). The vertical pyridine ring separation is
4.07 Å (Figure 2b), which is relatively long and suggests the
presence of weak �–� stacking interaction.15 At the interface
between Mo6 and C16py layers, there are four C–H���O hydrogen
bonds16,17 per Mo6 anion (Figure 3). Two of them were formed
between the terminal methyl group of the C16py hexadecyl tail
and the terminal oxygen of Mo6: C21ii–H38ii���O10 and
C21iii–H38iii���O10i (3.719 Å, 173.4�; i: 1� x, 1� y, 1� z; ii:
x, �2þ y, �1þ z; iii: 1� x, 3� y, 2� z). Another pair was
formed between the pyridine ring of C16py and the bridging
oxygen of Mo6: C5

iv–H5iv���O2 and C5v–H5v���O2i (3.596 Å,
154.5�; i: 1� x, 1� y, 1� z; iv: 1� x, 2� y, 1� z; v: x,
�1þ y, z). The latter hydrogen bonds are slightly shorter than
those (3.7–4.0 Å) in the crystals of Mo6 and tetrabutylammoni-
um,18 possibly due to the presence of the surfactant with � elec-
trons.19 These shorter hydrogen bonds as well as electrostatic
interaction between C16py and Mo6 are believed to stabilize
the layered crystal structure of 1, which has more rigid packing
and no water or acetonitrile of crystallization.

Figure 1. Crystal packing of 1 (C: gray, N: black, H: white;
Mo6 anions in gray polyhedra).
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In conclusion, we prepared the first POM hybrid layered
crystal of [C5H5N(C16H33)]2[Mo6O19] (1) containing a surfac-
tant with �-electron moieties. The layered structure consisted
of the interdigitated bilayer of the surfactant and the POMmono-
layer with the pyridine rings inserted. The C–H���O hydrogen
bonds at the interface between POM and surfactant layers are
thought to stabilize the crystal structure of 1.
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Figure 2. Molecular arrangements in the Mo6 inorganic layer
viewed along (a) c axis and (b) a axis. Atoms of hexadecyl
chains are omitted for clarity.

Figure 3. Molecular structure of 1 at the interface between the
Mo6 inorganic and C16py organic layers. Hydrogen bonds are in-
dicated by dotted lines. The labels of H5iv and H5v are omitted
for clarity. Symmetry codes: (i) 1� x, 1� y, 1� z; (ii) x,
�2þ y, �1þ z; (iii) 1� x, 3� y, 2� z; (iv) 1� x, 2� y,
1� z; (v) x, �1þ y, z.

Chemistry Letters Vol.38, No.4 (2009) 371

Published on the web (Advance View) March 21, 2009; doi:10.1246/cl.2009.370

http://dx.doi.org/10.1021/cm9701217
http://dx.doi.org/10.1021/cr970471c
http://dx.doi.org/10.1021/cm00044a016
http://dx.doi.org/10.1002/asia.200700350
http://dx.doi.org/10.1021/cm00050a012
http://dx.doi.org/10.1021/cm960111q
http://dx.doi.org/10.1002/(SICI)1521-4095(199806)10:9%3C667::AID-ADMA667%3E3.0.CO;2-Y
http://dx.doi.org/10.1021/cm010044m
http://dx.doi.org/10.1557/jmr.2004.19.2.496
http://dx.doi.org/10.1557/jmr.2004.19.2.496
http://dx.doi.org/10.1021/cm9606235
http://dx.doi.org/10.1006/jssc.1999.8277
http://dx.doi.org/10.1246/cl.2003.938
http://dx.doi.org/10.1021/cm0503174
http://dx.doi.org/10.1021/ja982748b
http://dx.doi.org/10.1021/ar950135n
http://dx.doi.org/10.1039/a603049a
http://dx.doi.org/10.1039/b514169a
http://dx.doi.org/10.1039/b307415c
http://dx.doi.org/10.1039/b307415c
http://dx.doi.org/10.1021/cg0503797
http://dx.doi.org/10.1021/cg0503797
http://dx.doi.org/10.1002/ejic.200400050
http://dx.doi.org/10.1107/S0108270192007765
http://dx.doi.org/10.1246/cl.2009.370

