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Supramolecular polymers, defined as arrays of small
molecules held together via noncovalent bonds, have a
great potential to act as specific functional materials
because of their dynamic and reversible characteristics
compared to traditional polymers.1 The noncovalent
interactions include hydrogen bonding, π-π interaction,
hydrophobic interaction, C-H-π interaction, donor-
acceptor interaction, and metal ion coordination, etc.
During the past decade, research has been directed
toward hydrogen-bonded supramolecular liquid-crystal-
line materials.2 As a probable analogous counterpart of
the hydrogen bonding,3 halogen bonding is an attractive
interaction between B and X in B‚‚‚XY, where B is an
electron-negative atom such as N, O, etc., and X is a
halogen atom. This type of interaction was found to be
a directing force in assembling diamine or dipyridyl
derivative and tetrafluorodiiodobenzene or perfluoro-
alkyl diiodide.4 The halogen bonding such as N-I
interaction was well evidenced by X-ray crystallogra-
phy,4 19F NMR spectroscopy4a and theoretical calcula-
tions.5 For example, the distance between N and I in a
complex of a perfluoalkyl diiodide and a tertiary diamine
was shorter than their sum of van der Waals radii by
about 20%.4a Furthermore, it was observed that N-I
complexes experienced a larger upfield chemical shift
for fluorine nucleus neighboring to iodine atoms in 19F
NMR spectra.4b These observations unambiguously
confirmed the existence of the N-I interaction both in
solution and in solid state. The halogen bonding has
been demonstrated as a driving force to induce me-
sophase in a dimeric system6 and control the reactivity7

of photoinduced reaction in solid state via three-
dimensional assembly. In view of materials science, it
is of significance to explore the feasibility of the halogen
bonding in serving as a driving force to architecture
liquid-crystalline polymeric materials. Herein we wish
to report the first example of liquid-crystalline su-
pramolecular polymers built by difunctional halogen
bonding molecules.

It is well-known that a difunctional proton donor and
a difunctional proton acceptor self-assemble via inter-
molecular hydrogen bonding interaction to generate
hydrogen-bonded liquid-crystalline polymers such as
using dicarboxylic acids and bipyridine derivatives.8 In
a similar way, we select 1,n-bis(4-iodo-2,3,5,6-tetrafluo-
rophenoxy)-alkane (3)9 as difunctional halogen bonding
acceptors, and bis(4-trans-4′-stilbazolyl)-oligo(ethylene
glycol) (4)10 and bipyridine derivatives 5-7 as donors
(Figure 1). Similar to the hydrogen-bonded liquid-

crystalline polymers, complexes 3-4, 3-5, 3-6, and
3-7 were prepared and their liquid crystallinity was
examined. The synthesis of compounds 3a-d was
achieved readily by reacting excess pentafluoroiodoben-
zene (1) with suitable alkyl diols (2a-d) in the presence
of cesium carbonate. The crude product was purified by
column chromatography, followed by recrystallization
in hexane at around -20 °C. Compounds 3a-d were
characterized by 1H NMR, 13C NMR spectroscopy, and
elemental analyses. For example, one set of AB splitting
pattern at around δ 148 and 146 was observed for 3a-d
in the 13C NMR spectra, indicating an alkyoxy substitu-
ent was attached to para-position of iodine. The pres-
ence of a triplet at δ 63.8 implied that the iodine atom
was intact in the reaction.

Halogen-bonded polymers were prepared by simply
mixing two components 3 and 4-7 with exact 1:1
stoichiometry in chloroform, followed by stirring for 16
h. Chloroform was removed at room temperature, and
the resulting solid was then dried in a vacuum. The FT-
IR spectra of complexes 3-4 were examined and com-
pared with those of their corresponding monomers 3a-d
and 4a-c. It was observed that the spectra of complexes
were different from those of the sum of 3 and 4. For
example, the characteristic aromatic skeleton stretching
of stilbazolyl moiety in “free” 4b at 1604, 1596, and 1573
cm-1 was observed. However, for complex 3d-4b, the
bands at 1604 and 1573 cm-1 moved to the higher
frequencies at 1606 and 1577 cm-1, respectively (Figure
2). On the contrary, the band at 1596 cm-1 shifted by 3
cm-1 to the lower frequency. Similar FT-IR spectral
changes were observed in other complex series. In
addition to the IR spectral changes of donors in the
complexes, the very strong absorption peak at 805 cm-1

(800 cm-1 in the case of 3a) in acceptors 3a-d disap-
peared from the IR spectra of their corresponding
complexes. These facts indicated that the N-I interac-
tion was present in all complexes. Since the halogen
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Figure 1. Synthesis of 3a-d and the molecular structures
of the halogen-bonded complexes.
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bond is believed to be similar to the hydrogen bond, the
electron-accepting ability of the acceptor plays a vital
role in affecting the strength of the halogen bonding.
Thus, an iodine atom that is more positively charged is
preferred so as to promote the N-I interaction. This
could be in fact achieved by directly linking the iodine
atom to an electron-deficient perfluoroaryl ring or a
perfluoroalkyl group as shown in reported examples.4
In our cases, electron-withdrawing (F) and electron-
donating (OR) groups in 3a-d behave differently in
affecting the electron-accepting ability of the iodine
atom. Density functional theory (DFT) calculation11 was
therefore performed to ascertain whether an alkoxy
substituent considerably weakens the electron-accepting
ability of the iodine atom. The calculation results
indicated that the Mulliken atomic charge of the iodine
atom in model compound 1,2,4,5-tetrafluoro-3-iodo-6-
methoxybenzene (8) was +0.122, being larger than that
of perfluoro-1,4-diiodobutane (9) (+0.085) but slightly
less than that of 1 (+0.144). In contrast, nonfluoro-
substituted 1-iodo-4-methoxybenzene (10) had a nega-
tive Mulliken atomic charge of -0.008 for the iodine
atom. Therefore, substitution with an alkoxy group in
para-position of the iodine atom in the aromatic ring of
3a-d made the iodine atom less positively charged to
some extent, but the net effect of tetrafluoro-substitution
was strong enough to counterbalance the unfavorable
substitution, thus, still leading to a high degree of N-I
interaction between 3 and 4.

All 3a-d and 4a-c were nonmesogenic. The com-
plexes 3-4b and 3-4c series complexes showed mono-
tropic liquid crystallinity on cooling, however, only
crystallization was observed for complexes 4a series
(Table 1) and 5-7 series. It has been extensively studied
that bipyridine derivatives 5, 6, and 7 formed very
stable liquid crystals with aromatic dicarboxylic acids.8b-c

However, unlike the hydrogen-bonded complexes, the
complexes 3-5, 3-6, and 3-7 did not show any liquid
crystallinity as our expected. This is probably due to
the differences in rigidity of donors, stability of the
mesogenic core, etc (see latter discussion). For example,
compounds 5-7 are much less flexible than 4b-c, in
which the two pyridyl groups are separated by a long
oligooxyethylene spacer. The liquid-crystalline phases
of 3-4b-c were identified by polarizing optical micros-
copy, differential scanning calorimetry (DSC), and X-ray
diffraction. As examples, the optical textures for 3d-
4b at 76 °C and a typical droplet nematic phase for 3d-
4c at 62 °C on cooling are shown in Figure 3, parts a
and b, respectively. The liquid crystals of 4b series are
stable and reproducible even after a few excursions into
the isotropic phase. For 4c series complexes, although
they did not show clear liquid crystalline phase transi-
tions in DSC thermographs, nematic phases with a
characteristic droplet texture could be detected and
identified clearly using polarizing optical microscopy.
It was also found that both crystalline and nematic
phases coexist for these complexes, and the liquid phase
was gradually converted to the crystalline phase upon
annealing. This may be attributed to the fact that
transition temperatures of isotropic to nematic and
nematic to crystallization are very close. In addition,
the flexible spacer length of halogen bonding donors
played a role in controlling the formation of mesophase.
For example, only 4c series complexes formed nematic
phase, however, others complexes (4b series) exhibited
highly ordered smectic phases (crystal mesophase12a) or
only crystallization (4a series and 5-7 series) was
observed. X-ray diffraction pattern of complex 3d-4b
at 65 °C showed a strong low angle diffraction peak at
31.83 Å, which was very close to half-length of a repeat
unit. There were also three outer diffraction peaks at
4.89, 4.23, and 3.91 Å, indicating the formation of a
crystal mesophase.12,13 At room temperature, the dif-
fraction peak at 31.83 Å disappeared and a new peak
at 20.85 Å was observed instead. On the other hand,
the relatively low enthalpy change, for instance, in
complex 3d-4b, the enthalpy of 4 J/g for the second
phase transition vs that of 28 J/g for the first phase
transition on cooling, is supportive of the formation of
a crystal mesophase.

Comparing to the hydrogen-bonded supramolecuar
liquid crystalline polymers,8 the halogen-bonded poly-
mers showed less stable nematic phases and crystal
mesophases. Some halogen-bonded complexes also pre-
ferred to crystallization such as complexes formed by
donors 5-7 that possesses a short spacer or no spacer
between two pyridyl groups. In addition, the tempera-
ture range of liquid crystals, particularly, for the ne-
matic phase was very narrow. These different thermal
behaviors are believed to relate to the strength, ef-
fectiveness of halogen-bonding interaction and the
stability of mesogenic unit, etc. The mesogenic cores of
the halogen-bonded and hydrogen-bonded supramolecu-
lar complexes are phenyl-I‚‚‚stilbazolyl and phenyl-
C(dO)-O-H‚‚‚pyridyl, respectively. The halogen bond

Figure 2. FTIR spectra of complex of (a) 3d, (b) 4b, and (c)
3d-4b: (I) 1700-500 cm-1; (II) 1650-1400 cm-1.
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is apparently more rigid and perhaps has higher de-
manding for the linear geometry due to the n-σ*
character of the interaction.14 In addition to the forma-
tion of a strong hydrogen bond (O-H‚‚‚N) in the
hydrogen-bonded complexes, the oxygen atom of carbo-
nyl forms a weak hydrogen bond (CdO‚‚‚H-C) with the
hydrogen atom adjacent to the nitrogen atom, facilitat-
ing the formation of a coplanar geometric structure and
subsequently stabilizing the mesogenic core.15 This
postulation is indeed strongly supported by X-ray crystal
structural analyses in the crystal engineering of many
molecular complexes systems.16 In contrast, the high
linearity of the halogen bond4b,17 and much larger size
of the iodine atom make it impossible for the fluorine

atom in a halogen bonding acceptor and the same
hydrogen atom in a halogen bonding donor to form a
similar weak hydrogen bond (F‚‚‚H-C). Furthermore,
the relatively weak bond energy of the halogen bond (∼6
kcal mol-1)17 relative to that of the hydrogen bond
(carboxylic acid-pyridine: ∼10 kcal mol-1)18 is also
partly responsible for differences mentioned above.
Further study on the effect of the halogen-bonding
interaction on the formation of liquid crystals as well
as their specific thermal behaviors, etc., is under
investigation.

In summary, we have demonstrated in this paper that
difunctional halogen-bonding molecules could form a
new class of liquid-crystalline supramolecular polymers.
Apart from the hydrogen bonding, the halogen bonding,
serving as a key driving force, offers an alternative way
to construct supramolecular liquid-crystalline polymers.
The present work allows us for a better understanding
of the role of the halogen bonding on the formation of
liquid-crystalline polymers, and this would in turn
result in the discovery of more interesting materials as
well as broadening the applicability of noncovalent
interactions in materials science.
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