
The hydrogen bonding between cis,cis,cis-1,3,5,7-tetrahy-
droxy-1,3,5,7-tetraisopropylcyclotetrasiloxane and diisopropyl-
silanediol results in the formation of a nano-sized tube-like
aggregate.  The outer diameter of the aggregate was 11.6 Å and
the tube-like structure extended infinitely parallel to the ac
plane. 

The recent development of kinetic stabilization of
silanepolyols by taking advantage of steric protection with
bulky substituents has stimulated interest in the chemical and
physical properties of these particular molecules.  One of the
intriguing properties of silanepolyols is their strong ability to
associate with each other through hydrogen bonding.  Thus, X-
ray crystal structure analyses disclosed that several silanepoly-
ols crystallizes within themselves as chain,1 ladder,2 sheet,3

spherical,4 and tube-like structures.5 Quite recently, we synthe-
sized cis,cis,cis-1,3,5,7-tetrahydroxy-1,3,5,7-tetraisopropylcy-
clotetrasiloxane (1).6 The X-ray crystal structure showed that
four molecules of 1 and water were connected by hydrogen
bonding to each other and formed a cluster in the lattice.  We
report herein our finding that six molecules of the cyclic silanol
1 and four molecules of diisopropylsilanediol (2) aggregate
which leads to the formation of co-crystal 3 with a tube-like
structure by intermolecular hydrogen bonding.  The formation
of the co-crystal by the aggregation of two different silanols
has, to our knowledge, no precedent.7

Single crystals of the resulting aggregate were obtained
from ether/hexane at room temperature by slow evaporation.8

Colorless plates were obtained and they were clearly distin-
guished from those of 1 or 2, both of which crystallize as very
fine needles.  The obtained crystal was subjected to X-ray crys-
tallography at –100 °C.9 The space group was determined to be
the chiral space group, P21, and no symmetry elements existed
in the asymmetric unit.  The unit consists of six molecules of
tetrasilanol 1 and four molecules of silanediol 2.  The molecular
structure of 1 (one of six independent molecules) is shown in
Figure 1.  Due to the steric hindrance of the four cis-isopropyl
groups, the molecule has a folded structure; the dihedral angle
of the Si(1)···Si(2)···Si(4) plane and Si(2)···Si(3)···Si(4) was
44.3°, and this value was larger than that of 1 in the cluster with
water (39.6°). As a result, two hydroxyl groups are oriented
perpendicular to the siloxane ring and the other two are directed
relatively parallel to the ring.  This unique feature made it pos-
sible to construct a tube-like structure, as two of the hydroxyl
groups (O(5) and O(7)) are used to form a ring, whereas the
other two hydroxyl groups (O(6) and O(8)) connect to make a
chain.  Consequently, 3 forms an infinite length tube.  Figure 2
shows the packing diagram; each tube lays perpendicular to the
b axis, and extends in the diagonal direction of the ac plane.
The tube consisted of three parts: the outer layer of isopropyl
groups, the middle layer of silicon-oxygen rings, and the inner
layer of hydroxyl groups.  The outer diameter is about 11.6 Å
(calculated from the space-filling model), which is equal to the
half of the lattice length of the b axis.

In Figure 3, the possible hydrogen bonding is shown.  All
of the hydroxyl groups of 1 and 2 were used for hydrogen
bonding and none of the siloxane oxygens of 1 participated.
The intermolecular O–O distances are from 2.55 to 2.89 Å.

The crystal structure clearly shows the molecular assem-
bling.  However, in a polar solvent, we could not observe that 3
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maintains the tube structure.  Thus, the 1H NMR spectra of 3 in
DMSO-d6 showed no significant difference from those of 1 and
2.  On the other hand, the IR spectrum of 3 (KBr disk) indicated
a significant difference from 1 and 2.  Thus, the absorbance of
the Si–OH stretching of 3 was observed in 3244 cm-1, whereas
that of 1 was at 3224 cm-1, and that of 2 was at 3257, cm-1.
Also, the Si–O absorbances were different; 835, 854, 883, and
914 cm-1 for 3, 864, 877, 887, and 910 cm-1 for 1, and 842, 858,
and 881 cm-1 for 2.  The melting point of 3 (180-185 °C) is
higher than that of 1 (165-169 °C) or 2 (106-109 °C).  The ther-
mogravimetric analysis results indicate the intermolecular con-
nection of 1 and 2 by hydrogen bonding; 3 lost 10% of its
weight at 148 °C, while 2 lost its total weight at the temperature
of 148 °C.
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