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The sign of circularly polarized luminescence (CPL) of a chiral
2;-helical columnar organic fluorophore was successfully con-
trolled in the solid-state by changing an achiral fluorescence
component molecule, and not by using a chiral component
molecule with opposite chirality.

The solid-state optical properties of organic compounds are
very important physical properties to be considered in the
development of new functional materials. The potential appli-
cation of solid-state fluorescence techniques to organic elec-
troluminescence (EL) devices, optoelectronic devices, ezc., has
recently attracted much attention.! Thus far, most organic
compounds that possess solid-state fluorescence properties are
composed of a single molecule,” and only a few reports about
supramolecular organic fluorophores composed of two or
more organic molecules are available.® These reported fluoro-
phores, however, do not have circularly polarized lumines-
cence (CPL) properties, because they consist of achiral mole-
cules. Recently, we developed a chiral supramolecular organic
fluorophore with CPL properties in the solid state, by combin-
ing two types of organic molecule: chiral (1R,2R)-1,2-diphe-
nylethylenediamine [(1R,2R)-1] and fluorescent
2-anthracenecarboxylic acid (2) (Fig. 1).* Typically, this com-
plex has a 2;-helical columnar hydrogen- and ionic-bonded
network, formed by the carboxylate oxygen of a carboxylic
acid anion and the ammonium hydrogen of a protonated
amine. Usually, in order to control the CPL sign, a chiral
compound with opposite chirality is used. However, such
compounds are not easily available. Therefore, the control
of the CPL sign of chiral fluorophores without the use of these
chiral compounds may be useful in their development.

One of the key properties of supramolecular complexes
composed of two or more component molecules is the ability
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to easily control their physical and chemical properties by
changing their component molecules.> Moreover, the resultant
supramolecular complex may have an effective functionality
due to the synergistic effect of packing and the properties of its
component molecules in the solid state. In this Letter, we
report the control of the CPL properties of a two-component
chiral supramolecular organic fluorophore by changing an
achiral fluorescent component molecule in the solid-state,
not using a chiral component molecule with opposite chirality.
The same chiral amine molecule, (1R,2R)-1, was used as one of
the two component molecules. 2-Anthraceneacetic acid (3) was
used instead of the carboxylic acid derivative, 2, as the achiral
fluorescent component molecule.

3 was prepared by following a procedure discussed in a
previous report.® The formation of a supramolecular organic
fluorophore was attempted via crystallization from an ethanol
(EtOH) solution. A mixture of (1R,2R)-1 and 3 was dissolved
in EtOH and left to stand at room temperature. After a week,
a large number of crystals (I), composed of (1R,2R)-1 and 3,
were obtained.

The most serious problem in solid-state organic fluoro-
phores is fluorescence quenching in the crystalline state. In
order to study the solid-state optical properties of complex I,
its solid-state fluorescence spectrum was measured. Complex I
showed fluorescence without quenching, and the solid-state
fluorescence maximum of complex I was observed at 435 nm,
with a shift in the maximum by 66 nm to a lower wavelength
being observed relative to the maximum of 3. The absolute
value of the photoluminescence quantum yield in complex I
(g = 0.06) increased by approximately double that of 3 in the
solid-state.

Fluorescent complex I is a chiral crystal; therefore, its
fluorescence may be CPL. In order to study the CPL of
complex I, its solid-state CD spectrum was measured by using
a KBr pellet (Fig. 2, blue line). Solid-state samples were
prepared according to a standard procedure for obtaining
glassy KBr matrices.” Features in the CD spectrum originating
from an anthracene ring were observed at 346, 365, 385 and
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Fig. 1 Structures of compounds 1, 2 and 3
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Fig.2 The CD spectra of complexes I (blue line) and I’ (green line) in
the solid-state (using a KBr pellet).

405 nm. The circular anisotropy (gcp = AOD/OD) factor of
the last Cotton effect (A“® = 405 nm) was approximately
0.3 x 107>, In order to check whether the crystal caused any
artifacts in the spectrum, complex I’ was prepared by using
(18,25)-1,2-diphenylethylenediamine [(1S5,25)-1] instead of
(1R,2R)-1, and its CD spectrum was measured (Fig. 2, green
line). This spectrum was found to be a mirror image of that of
complex I. When the CD spectrum of complex I was compared
to that of complex II, composed of (1R,2R)-1 and 2, the two
spectra were found to be similar; in particular, the sign of the
last Cotton effect (A°P® = 406 nm for complex II) showed the
same positive sign® and the gcp factor of complex II was close
to that of complex I (approximately 0.5 x 1073).

Consequently, the measurement of the solid-state CPL
spectrum of complex I was attempted by using a KBr pellet,
and was successfully observed (Fig. 3, blue line).

The circular anisotropy [gem = 2(I1. — Ir)/(IL + IRr)] factor
of complex I was approximately —0.9 x 1073, and was close to
that of complex II (go, = 0.8 x 107%).% Interestingly, although
the CPL sign of the spectrum of complex II was positive
(Fig. 3, orange line), that of complex I was negative, despite
using the same chiral component molecule (1R,2R)-1.* More-
over, in complex I, the CPL sign of the spectrum was different
to that of the corresponding CD spectrum at the longest
wavelength (AP = 405 nm). In fact, when the CD spectrum
was measured after the measurement of CPL, its sign was
positive. To the best our knowledge, this is the first example of
the CPL sign of a supramolecular fluorophore being con-
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Fig.3 CPL and fluorescence spectra of complexes I (blue line) and II
(orange line) in the solid-state (using a KBr pellet).
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Fig. 4 The crystal structures of complexes I and II. (a) Packing
structure observed along the c-axis for complex I; (b) packing structure
observed along the b-axis for complex IL* Red and blue arrows
indicate aromatic—aromatic edge-to-face interactions.

trolled by changing an achiral component molecule in the
solid-state.

To study the optical properties of complex I, an
X-ray crystallographic analysis was attempted, and its crystal
structure is shown in Fig. 4. The stoichiometry of complex
Iis (IR2R)-1:3: H,O = 2:2: 1 and the space group is
P2,2,2. As expected, this crystal has a 2;-helical
columnar hydrogen- and ionic-bonded network along
the c-axis, similar to that of complex IL.* The columns are
mainly formed by the carboxylate oxygens of carboxylic
acid anions (Fig. 4, the molecules shown in blue) and the
ammonium hydrogens of protonated amines (Fig. 4,
the molecules shown in green). The included water
molecules (Fig. 4, shown by red spheres) link the carboxyl
and amino groups through hydrogen bonds, and contribute to
the maintenance of the columnar frame. Complex I is
formed by the self-assembly of these 2;-columns (Fig. 4(a)).
Interestingly, although complexes I and II have a similar
chiral 2;-helical columnar structure, the packing structure of
the 2;-columns of complex I is different from that of the
2,-columns of complex II (Fig. 4(b)). That is, although the
anthracene rings between adjoining 2;-columns are zigzag in
complex II, the rings in complex I lie vertically between the
21-columns. Moreover, although there are four aromatic—
aromatic edge-to-face interactions (2.69, 2.84, 2.87 and
2.96 A, shown by red arrows in Fig. 4(b)) per anthracene ring
in complex II, there are only two aromatic—aromatic edge-to-
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face interactions in complex I (2.95 and 2.98 A, shown by red
and blue arrows in Fig. 4(a)) per anthracene ring.

From the crystal structures and CD spectra, it is evident
that, although the packing structure of the anthracene ring in
complexes I and II is different, the chirality of both the
complexes in the ground state is the same. Regarding the
origin of the CD and CPL properties, the crystal structures
and oscillator coupling theory® suggest that the features of the
CD and CPL spectra originating from the anthracene ring are
mainly caused by interactions of the anthracene ring with the
adjoining 2;-helical columns. Therefore, it is thought that the
reversed CPL sign of the spectrum between complexes I and 11
is caused by a local change in packing structure of the
anthracene ring in crystalline-state complex I. That is, in
complex I, a local structural change in the crystalline state is
induced by the incident beam, only when the CPL spectrum is
measured. A comparison of the crystal structures of complexes
I and II shows that in complex I, the number and distances of
aromatic—aromatic edge-to-face interactions are lesser and
greater, respectively, than those in complex II. Moreover,
the melting point (210-218 °C) and crystal density (1.303 g
cm ) of complex I are lower than those of complex II
(238-245 °C and 1.328 g cm™>, respectively). These results
also support the proposed mechanism.

In conclusion, chiral 2;-helical columnar organic fluoro-
phores were successfully formed by using fluorescent 2-anthra-
ceneacetic acid and chiral 1,2-diphenylethylenediamine. In this
system, the CPL sign of the chiral fluorophore could be
successfully controlled by changing an achiral fluorescence
component molecule, despite the use of a chiral component
molecule with opposite chirality in the solid-state. It is ex-
pected that such chiral supramolecular complexes, and their
optical properties will be useful in the development of novel
solid-state chiral fluorophores.

Experimental

Formation of complex I

A mixture of (1R,2R)-1 (10 mg, 0.047 mmol) and 3 (11 mg,
0.047 mmol) was dissolved in EtOH (4 mL) and left to stand at
room temperature. After a week, a large number of crystals (I),
composed of (1R,2R)-1 and 3, were obtained. The weight of
the total crop of crystals from one batch was 9.0 mg.

Measurement of solid-state fluorescence spectra

Solid-state fluorescence spectra and absolute photolumines-
cence quantum yields were measured using an Absolute PL
Quantum Yield Measurement System (C9920-02, Hamamatsu
Photonics K. K.). The excited wavelength was 372 nm.

Measurement of CD spectra

CD spectra were measured using a Jasco J-800KCM spectro-
photometer.

Measurement of CPL spectra

CPL spectra were measured using a Jasco CPL-200 spectro-
photometer.'” The excited wavelength was 350 nm. CPL
spectra was approached by a simple moving average (SMA).
The power of an incident beam of the CPL spectrometer was
8.0 uW 0.04 cm ™2 at the installation position of sample.’

X-Ray crystallographic study

X-Ray diffraction data for single crystals were collected using
a Bruker Apex diffractometer. The crystal structures were
solved by the direct method and refined by full-matrix least-
squares using SHELX97. The structure diagrams were pre-
pared using PLATON. Crystallographic data for I: C;4H;N»-
Ci6H110,:0.5H,0, M = 457.55, orthorhombic, space group
P2,2,2,a = 16.2996(18), b = 24.900(3), ¢ = 5.7470(7) A U=
2332.5(5) A%, Z = 4, Dc = 1.303 gcm >, u(Mo K,) = 0.083

mm !, 14524 reflections measured, 3150 unique, Rin

0.1124, final R(F*) = 0.0639, wR2 = 0.0927, using 2230
reflections with 7 > 2.06(/), R (all data) = 0.1043, T =
100(2) K.+
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