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Abstract—By using (1R,2R)-1,2-diphenylethylenediamine as a chiral molecule and 2-anthracenecarboxylic acid as a fluorescent mole-
cule, we created a chiral supramolecular organic fluorophore having circularly polarized luminescence properties in the solid-state.
� 2007 Elsevier Ltd. All rights reserved.
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The solid-state optical properties of organic compounds
are very important physical properties to consider in the
development of new functional materials. Recently, the
potential application of solid-state fluorescence to
organic EL (electroluminescence) and optodevice
materials, etc.1 has attracted much attention. To date,
organic compounds that possess solid-state fluorescence
have mostly been composed of a single molecule, and
there have only been a few reports concerning supra-
molecular organic fluorescent complexes containing
two or more organic molecules.2 These reported
complexes, however, have no circular dichroism (CD)
or circularly polarized luminescence (CPL) properties
because they consist of achiral molecules. Recently, we
have succeeded in the development of chiral supra-
molecular organic complexes by combining two types
of organic molecules, that is, chiral and sterically bulky
molecules. These complexes have the ability to resolve
racemic compounds which previously could not be
resolved.3
0040-4039/$ - see front matter � 2007 Elsevier Ltd. All rights reserved.
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In this Letter, we report the preparation and solid-state
optical properties of a chiral supramolecular organic
fluorophore that contains two different characteristic
organic compounds. A diamine compound, (1R,2R)-
1,2-diphenylethylenediamine [(1R,2R)-1], was used as
the optically active molecule and two kinds of carboxylic
acid derivatives, 2-anthracenecarboxylic acid (2) and
2-naphthalenecarboxylic acid (3), were used as the
fluorescent molecules. It is predicted that the resultant
supramolecular organic complex will have interesting
optical properties due to the conformational synergy
of the constituent molecules.
The most serious problem in applying organic fluoro-
phores to emitter materials is fluorescence quenching
in both condensed and crystalline states. Moreover,
the successful measurement of a solid-state CPL spec-
trum of such a chiral supramolecular system has
not been reported previously. Therefore, our chiral
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Figure 2. CD spectra of complex I (black line) and complex II (red
line) in the solid-state (KBr pellets).
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supramolecular fluorophore is a significant advance-
ment in solid-state chiral fluorophore development.

The complexation behavior of (1R,2R)-1 and 2 contain-
ing an anthracene ring as the fluorescent unit was stud-
ied. Although (1R,2R)-1 and 2 were mixed in ethanol,
complex formation was not observed by UV–vis spec-
troscopy. Therefore, the formation of the supramole-
cular complex was attempted via crystallization from
solution. A mixture of (1R,2R)-1 and 2 was dissolved
in ethanol and left to stand at room temperature. After
1 day, a great number of crystals I, constructed from
(1R,2R)-1 and 2, were obtained.

In order to study the solid-state optical properties of
complex I, the solid-state fluorescence spectra were mea-
sured. Complex I showed fluorescence without quench-
ing (Fig. 1). The solid-state fluorescence maximum of
complex I is 432 nm and a shift (27 nm) to lower wave-
length is observed relative to that of fluorescent mole-
cule 2. Interestingly, the solid-state fluorescence
intensity of complex I is increased by about 4.2 times
relative to 2.

Fluorescent complex I is chiral, therefore it possesses
both CD and CPL properties. The solid-state CD spec-
trum of complex I was measured by using a KBr pellet
(Fig. 2). The solid-state samples were prepared accord-
ing to the standard procedure for obtaining glassy
KBr matrices.4

The features in the CD spectrum originating from
the anthracene ring are observed at 387, 398, and
406 nm. The circular anisotropy (gCD = DOD/OD)
factor of the last Cotton effect (kCD = 406 nm) is
about 0.5 · 10�3. In order to check if the crystal caused
any artifacts in the spectrum, complex II was prepared
by using (1S,2S)-1,2-diphenylethylenediamine [(1S,2S)-
1 instead of (1R,2R)-1], and the CD spectrum of com-
plex II was measured. A CD spectrum that was a
mirror-image to that of complex I was observed. These
results show that effective chiral transfer from chiral
(1R,2R)-1 or (1S,2S)-1 to fluorescent molecule 2
occurred during the complexation. It was possible that
the true CD spectrum of this supramolecular complex
could not be observed because the complex may interact
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Figure 1. Solid-state fluorescence spectra of complex I and fluorescent
molecule 2 in the solid-state. The excitation wavelengths were 378 and
408 nm for complexes I and 2, respectively. The sample thickness was
0.1 mm.
with the KBr matrix.5 Therefore, the diffuse reflectance
circular dichroism (DRCD) spectra of complexes I and
II without the KBr matrix were measured (Fig. 3).6 In
both CD spectra with the KBr matrix and the DRCD
measurements without the KBr matrix, the particle size
of the crystal is about 50 lm.

The DRCD spectrum is similar to the CD spectrum,
suggesting that there is no influence of the KBr matrix
on the CD measurements for this type of supramole-
cular fluorophore. Consequently, the solid-state CPL
properties of these complexes were measured by using
KBr pellets.7 In Figure 4, the CPL and fluorescence
spectra of complex I are shown.

The fluorescence spectra using a KBr pellet are the same
as that depicted in Figure 1. This result confirmed the
lack of influence of the KBr matrix on these measure-
ments. A positive CPL spectrum was obtained for
complex I. The circular anisotropy [gem = 2(IL � IR)/
(IL + IR)] factor of complex I is 7.74 · 10�4. The sign
of the CPL spectrum is the same as that of the corre-
sponding CD spectrum at the longest wavelength
(406 nm). That is, the chirality of this complex in the
ground state is the same as that in the excited state.
To the best of our knowledge, this is the first example
of a solid-state CPL property measured in such a chiral
supramolecular fluorophore.

In order to elucidate the increase of the fluorescence
intensity and the origin of CD and CPL properties by
complexation, X-ray crystallographic analysis of com-
plex I was carried out. The structure of crystal I is shown
in Figure 5.8
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Figure 3. DRCD spectra of complex I (black line) and complex II (red
line) in the solid-state.
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Figure 4. CPL and fluorescence spectra of complex I in the solid-state
(KBr pellet).
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Figure 6. Solid-state fluorescence spectra of complex III and fluores-
cent molecule 3. The excitation wavelengths were 323 and 335 nm for
complex III and 3, respectively. The sample thickness is 0.1 mm.
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As a characteristic of the structure, this crystal has a
columnar supramolecular hydrogen- and ionic-bonded
network around the 21-axis along the b-axis (Fig. 5a).
This network is mainly formed by the ammonium
hydrogen of the protonated amine (Fig. 5, indicated in
green) and the carboxylate oxygen of a carboxylic acid
anion (Fig. 5, indicated in blue). Complex I is formed
by self-assembly of this 21-column (Fig. 5b). Fluores-
cence molecule 2 in complex I exists as a 21-column
structure and its bonding style is a mixture of hydrogen
bonds and stronger ionic bonds. Moreover, there are
four kinds of CH–p interactions (2.69, 2.84, 2.87, and
2.96 Å) (Fig. 5b, indicated in red arrows) per anthracene
molecule.

Unfortunately, there is no crystal structural data of mole-
cule 2 alone. Thus, 2-naphthalenecarboxylic acid (3)
whose crystal structure has been previously reported
was used instead of molecule 2 as the fluorescent mole-
cule.9 In the same way, a great number of crystals III,
constructed from (1R,2R)-1 and 3, were obtained by
crystallization from an ethanol solution containing
(1R,2R)-1 and 3. Complex III showed fluorescence with-
Figure 5. Crystal structure of complex I. (a) Columnar hydrogen- and ionic
along the b-axis. Purple balls indicate included water molecules.
out quenching and the intensity is increased by about 1.4
times compared to 3 (Fig. 6). The solid-state fluores-
cence maximum of complex III is 358 nm and a shift
(10 nm) to lower wavelength is observed relative to fluo-
rescent molecule 3.

The X-ray crystal structure of complex III is shown in
Figure 7.10 The stoichiometry of complex III is
(1R,2R)-1/3/H2O = 2:2:1 and the space group is C2.
As predicted, this crystal also has a columnar supra-
molecular hydrogen- and ionic-bonded network around
the 21-axis along the b-axis (Fig. 7a). Complex III is
formed by self-assembly of this 21-column, similar to
complex I (Fig. 7b). In this complex, although the
number of CH–p interactions is small compared to
complex I, there are two kinds of CH–p interactions
(2.68 and 2.94 Å) (Fig. 7b, indicated in red arrows)
per naphthalene molecule. The configuration of the
naphthalene rings between adjoining dimer columns is
also side to plane as in complex I. On the other hand,
molecule 3 alone in a crystal exists as a dimer formed
by hydrogen bonding of carboxyl groups.9 Moreover,
-bonded network parallel to the b-axis. (b) Packing structure observed



Figure 7. Crystal structure of complex III. (a) Columnar hydrogen- and ionic-bonded network parallel to the b-axis. (b) Packing structure observed
along the b-axis. Green and blue molecules indicate (1R,2R)-1 and 3, respectively. Purple balls indicate included water molecules.
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no CH–p interaction is observed involving the
naphthalene rings, and the ring configuration between
the adjoining dimer columns is head to head. It can be
inferred that molecule 2 also exists as a similar dimer
and that the bonding and packing style changes of the
fluorescence molecule, 2 or 3, in each complex suppress
the concomitant non-radiative processes and increase
the fluorescence intensity of complexes I and III.

In addition, regarding the origin of CD and CPL
properties, the crystal structures and theory of oscillator
coupling11 suggest that the features of the CD and CPL
spectra originating from the anthracene ring are caused
by interactions of the anthracene ring not into the
21-column but between the adjoining 21-columns.

In conclusion, chiral supramolecular organic fluoro-
phores using two kinds of molecules with different char-
acteristics (chiral and fluorescent molecules) were
successfully created. The solid-state fluorescence inten-
sity of these fluorophores was not quenched, and the
solid-state CPL spectra were recorded successfully. It
is expected that such supramolecular complexations will
be useful in the development of chiral supramolecular
fluorophores.
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