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ABSTRACT

A solid-state fluorescence sensing system was created by using a chiral supramolecular organic fluorophore having a channel-like cavity
composed of (1 R,2S)-2-amino-1,2-diphenylethanol as a chiral molecule and 2-anthracenecarboxylic acid as a fluorescence molecule.

In the field of analytical chemistry, the development of a
simple molecular recognition system, particularly a fluores-
cence sensing system, is an important issue. Recently, solid-
state fluorescence sensing systems have attracted much
attention as molecular sensing systems because the solid-
state optical properties of organic compounds are different
from the solution-state properties.1 However, solid-state
organic fluorescence indicators are mostly composed of a
single molecule and require synthetic improvements for
introduction of functionality. There are a few reports

concerning supramolecular organic fluorescence indicators
composed of two organic molecules.2 However, they have
no chirality and cannot be used as chiral indicators. Recently,
we developed a chiral supramolecular organic fluorophore
having circularly polarized luminescence (CPL) properties
in the solid state by combining two types of organic
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molecules, i.e., fluorescent 2-anthracenecarboxylic acid (1)
and chiral (1R,2R)-1,2-diphenylethylenediamine.3 Unfortu-
nately, these organic fluorophores are incapable of including
a third component guest molecule and also cannot be used
as fluorescence indicators.

One of the key properties of these supramolecular com-
plexes is the ability to easily control physical and chemical
properties by changing the component molecules.4 In this
paper, we report a chiral solid-state fluorescence sensing
system composed of two different characteristic organic
molecules (chiral and fluorescence molecules). To introduce
guest inclusion ability to the supramolecular organic fluo-
rophore, an aminoethanol molecule, (1R,2S)-2-amino-1,2-
diphenylethanol [(1R,2S)-2], was used instead of (1R,2R)-

1,2-diphenylethylenediamine as the chiral molecule. For
guest molecules, three kinds ofn-alkyl alcohols [methanol
(MeOH), ethanol (EtOH), andn-propanol (n-PrOH)] having
different alkyl chain lengths were used in order to study the
influence of the size of the inclusion guest molecule on this
system. It is predicted that the resultant supramolecular
organic fluorophore will have effective fluorescence sensing
ability due to the synergistic effect of conformation and
optical properties.

The formation of a supramolecular organic fluorophore
was attempted via crystallization from three different guest
alcohol solutions. A mixture of1 and (1R,2S)-2 was dissolved
in each guest solution and left to stand at room temperature.5

After a few days, colorless crystals,I (11 mg), II (9 mg),
and III (8 mg),6 were obtained from MeOH, EtOH, and
n-PrOH solutions, respectively. These crystals are constructed
from 1 and (1R,2S)-2, and contain the expected alcohol
molecule as guest.

Crystal forms and solid-state fluorescence spectral data
of these complexes are shown in Table 1. Although many
organic fluorophores lose this property in the solid state, all
three complexes show fluorescence without quenching in the
solid state. As the alkyl chain length of the included alcohol
increases (from MeOH to EtOH), the solid-state fluorescence
maximum becomes longer, e.g., 438 nm for complexI to

443 nm for complexII. On the other hand, in complexIII,
although the alkyl chain of the included alcohol (n-PrOH)
is even longer, the solid-state fluorescence maximum be-
comes shorter (425 nm).

To study the crystal structure of this system, X-ray
crystallographic analysis of these complexes was attempted.
The structure of complexII including EtOH is shown in
Figure 1.7 The stoichiometry of complexII is 1:(1R,2S)-2:

H2O:EtOH ) 2:2:2:1 and the space group isP1. As a
characteristic of the structure, this crystal has a supramo-
lecular columnar network along thea-axis (Figure 1a,b) that
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were deposited and collected.

(6) This weight is the total crop of obtained crystals in one batch.

Table 1. The Crystal Forms and Solid-State Fluorescence
Spectral Data of ComplexesI-III

complex crystal color crystal shape λex (nm) λem (nm)a

I colorless needle 422 438
II colorless needle 422 443
III colorless needle 422 425

a The thickness of sample is 0.1 mm.

Figure 1. Crystal structure of complexII. (a) Columnar hydrogen-
and ionic-bonded network parallel to thea-axis. (b) View down
the a-axis. (c) Packing structure observed along thea-axis. Blue
and red arrows indicate benzene-anthracene edge-to-face and
anthracene-anthracene edge-to-face interactions, respectively.
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is mainly formed by two types of bonds. One is an ionic
bond from the ammonium hydrogen of the protonated amine
(Figure 1, indicated in green) to the carboxylate oxygen of
the carboxylic acid anion (Figure 1, indicated in blue). The
other is a hydrogen bond formed by the hydroxyl group of
(1R,2S)-2. The included water molecule (Figure 1, indicated
as a purple ball) links the carboxyl, hydroxyl, and amino
groups through hydrogen bonds and contributes to the
maintenance of the column frame. ComplexII is formed by
self-assembly of this column, forming chiral channel-like
cavities (Figure 1c). The guest molecule, EtOH (Figure 1,
shown as red space-filling molecules), is trapped one-
dimensionally along the direction of the cavity. Each EtOH
molecule is connected to the column by a hydrogen bond
between its own hydroxyl group and the carboxyl group of
1. Interestingly, even when racemic (rac)-2 [equimolar
mixture of (1R,2S)-2and (1S,2R)-2] was used instead of the
chiral (1R,2S)-2, the crystals obtained were identical with
the chiral crystalII by X-ray analysis. That is, in this system,
2 can be distinguished by chirality and the complex is
enantioselectively separated through the formation of the
column structure and supramolecular complex.

Since complexesI and III, obtained from MeOH and
n-PrOH solutions, respectively, were thin and needle-like,
the X-ray analyses were unsatisfactory. Therefore, the X-ray
powder diffraction analysis of these crystals was performed
(Figure 2). Although the X-ray powder diffraction pattern

of complexI is similar to that of complexII , that of complex
III is different. However, the1H NMR analyses reveal that
the host-guest ratios of all complexes are1:(1R,2S)-2:guest
alcohol ) 2:2:1. From these results, it is concluded that

complexesI andII have similar structures, but complexIII
has a different structure. It is thought that the difference of
the fluorescence maximum in complexesI andII is caused
by slight changes of the distances and angles between
fluorescence anthracene rings. On the other hand, the
different tendency of the fluorescence maximum in crystal
III is believed to be mainly caused by this difference in the
crystal structure.

From X-ray analysis, it was also found that complexII
contains benzene-anthracene edge-to-face interactions [2.63
Å (Figure 1c, indicated in blue arrows)] and anthracene-
anthracene edge-to-face interactions [2.74, 2.79, and 2.99 Å
(Figure 1c, indicated in red arrows)] between column
structures. It is expected that these interactions prevent the
channel-like cavities from collapsing and that volatile guest
molecules can be discharged and adsorbed in these com-
plexes. The discharge and adsorption behaviors of guest
molecules were studied by X-ray powder diffraction analysis
of complexII conducted under air or EtOH vapor conditions
(Figure 3). EtOH was released from complexII by allowing

it to stand in air for a few days. After1H NMR analysis
confirmed that EtOH was no longer present, X-ray powder
diffraction measurements of the complex were obtained.
Novel complexII-1 was observed (Figure 3b). Consequently,
when complexII-1 was placed under EtOH vapors for a
few days, the X-ray powder diffraction pattern of complex
II-2, which is similar to that of complexII, was observed
(Figure 3c). Moreover, in complexesI and III including
MeOH and n-PrOH, respectively, similar discharge and
adsorption behaviors to that in complexII were observed
by X-ray powder diffraction analysis (Supporting Informa-
tion, Figures SI-1 and SI-2, respectively).

These host systems exhibit fluorescence properties, there-
fore, it is expected that the solid-state fluorescence of these
complexes changes reversibly according to the presence of

(7) Crystallographic data ofII : 2C14H16NO‚2C15H9O2‚C2H6O‚2H2O, M
) 953.10, triclinic, space groupP1,a ) 5.7753(5) Å,b ) 14.7522(14) Å,
c ) 16.0657(15) Å,R ) 116.5280(10)°,â ) 91.539(2)°,γ ) 94.751(2)°,
U ) 1217.32(19) Å3, Z ) 1, Dc ) 1.300 g cm-3, µ(Mo KR) ) 0.087 mm-1,
10808 reflections measured, 9435 unique, finalR(F2) ) 0.0575 using 8491
reflections withI > 2.0σ(I), R(all data)) 0.0641,T ) 100(2) K.

Figure 2. X-ray powder diffraction patterns of crystals (a)II, (b)
I, and (c) III.

Figure 3. Changes in X-ray powder diffraction patterns of complex
II: (a) complex II; (b) complex II-1, obtained after desorption of
EtOH; and (c) complexII-2, obtained after readsorption of EtOH
vapor.
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guest molecules. The change of solid-state fluorescence of these complexes was examined (Figure 4). As before, the
alcohol molecules were discharged from these complexes
by allowing them to stand in air for a few days. After1H
NMR analysis confirmed that alcohols were not included in
the crystals, the solid-state fluorescence spectra were mea-
sured. In complexI including MeOH, the solid-state
fluorescence maximum changes to 451 nm and a shift (13
nm) to longer wavelength is observed compared to that of
the starting complex (Figure 4b for complexI). In complex
II including EtOH, the solid-state fluorescence maximum
changes to 448 nm and a shift (5 nm) to longer wavelength
is observed, as in complexI (Figure 4b for complexII). On
the other hand, when then-PrOH molecules are discharged
from complexIII , the shift to longer wavelength in the solid-
state fluorescence maximum is much larger (a shift of 24 to
449 nm) than that in complexesI and II (Figure 4b for
complexIII). After these complexes were placed under the
corresponding alcohol vapor conditions for a few days, the
solid-state fluorescence spectra were measured again. The
solid-state fluorescence spectra returned to similar patterns
as originally obtained (Figure 4c). In complexIII , the change
in the fluorescence spectrum is again different from those
of complexesI and II. It is thought that this is also caused
by the difference in crystal structures between complexesI
(or II) and III.

In conclusion, chiral supramolecular organic fluorophores
having chiral channel-like cavities were successfully created
by self-assembly of a hydrogen- and ionic-bonded column
structure composed of 2-anthracenecarboxylic acid and
(1R,2S)-2-amino-1,2-diphenylethanol. Guest molecules can
be discharged and adsorbed into a channel-like cavity, and
the solid-state fluorescence of the complex changes according
to the presence of guest molecules. It is expected that this
supramolecular organic fluorophore will be useful as a solid-
state fluorescence sensing system for various guest mol-
ecules.

Supporting Information Available: X-ray crystallo-
graphic report (CIF) of complexII and the change of X-ray
powder diffraction pattern of complexesI and III. This
material is available free of charge via the Internet at
http://pubs.acs.org.
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Figure 4. Change in solid-state fluorescence spectra of complexes
I-III . (a) Solid-state fluorescence spectra of complexesI-III . (b)
Solid-state fluorescence spectra of complexesI-1-III-1, obtained
after desorption of guest. (c) Solid-state fluorescence spectra of
complexesI-2-III-2, obtained after readsorption of guest vapor.
Blue and red lines show the fluorescence maximum of starting
complexes and complexes obtained after desorption of guest,
respectively.
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