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A dimethylaminobenzoate group (TICT probe) was conju-
gated with a cholesterol group to assess the microenvironmental
effect of the gel fibrils by a fluorescence method. It was found
that the solvent-dependent dual fluorescence mode characteristic
of TICT molecules in the sol phase almost disappears in the gel
phase and only the shorter-wavelength fluorescence arising from
the coplanar conformation is observed.

Recently, a low molecular-weight organogel system has of-
fered a new methodology to assemble molecules into supramo-
lecular nano-fibers using convenient and practical procedures.1

Organogel system provides well-defined 1-D alignments of
functional molecules, and responsiveness to stimuli (such as
temperature, light, and redox) which are useful for the develop-
ment of new functionality in soft materials.2 The main research
interest in the organogel system has been focused on a variety of
supramolecular structures constructed in the gel system.3 In ad-
dition, one can expect that they show the specific absorption and
fluorescence spectroscopic properties depending on their differ-
ence in the aggregation mode and the sol-to-gel phase transi-
tion.4 Taking their structural variety into consideration, the spec-
tral characteristics would make it possible to utilize the gels as
potential candidates for memory systems, devices, sensors, etc.
For example, we previously reported phenanthroline-appended
cholesterol-based gelators which change their fluorescence color
in response to protonation and temperature.5

It is well known that the microenvironment around organo-
gelator is very different between the gel phase and the sol
phase.4,6 In this communication, we report on a fluorescence col-
or change based on the twisted intramolecular charge transfer
(TICT) state in relation to the sol-to-gel phase transition phe-
nomenon. One of the well-known TICT probes is a p-dimethyla-
minobenzoate (p-DMAB) group which shows a dual fluores-
cence property; one emission around 350 nm arises from a
coplanar conformation of the torsional angle between dimethy-
lamino group and benzoate plane and another around 500 nm
arises from an orthogonal conformation (TICT state). The ratio
of their fluorescence intensities depends on the solvent polarity,
viscosity, and bulky substituents suppressing the rotation of the
torsional angle.7 Since organogels can be formed in various or-
ganic solvents and change their aggregation mode by thermal-
stimulus, one can expect that combination of a TICT probe with
an organogelator will lead to development of new soft materials

featuring a function of thermo-reversible fluorescence color
changes.

Our molecular design for the organogelator coupled with the
TICT probe is shown in Scheme 1. Compound 1 has a cholester-
yl moiety to impart the gel-forming ability as well as a p-DMAB
group to report the microenvironmental effect. We also synthe-
sized a non-gelling reference compound (2). These products
were identified by 1HNMR and MS spectral evidence
(MALDI-TOF, CHCA matrix, m=z 534.45 ([1 + Hþ], calcd
534.43), m=z 278.22 ([2 + Hþ], calcd 278.21)) and elemental
analyses. By the ‘‘stable-to-inversion of a test tube’’ method,
we found that 1 forms an opaque gel with cyclohexane, 1,4-di-
oxane, t-butyl alcohol, 1-propanol, methanol, DMF, acetonitrile,
and so on. Compound 1 showed the relatively low critical gelat-
ion concentration, 0.4wt/vol% for acetone and acetonitrile, and
0.1wt/vol% for methanol. These results indicate that 1 acts as
an efficient and versatile gelator for various organic solvents.

The visual image of the superstructure constructed in this
gel system can be obtained by scanning electron microscope
(SEM). As shown in Figure 1, a plenty of fibrillar aggregates
with 0.2–1.0-mm diameter were observed as often seen in orga-
nogel systems. This picture implies that 1 also forms a stacked
1-D aggregate as in the case of many other cholesterol-based
gelators.1

Absorption spectra of 2 are only slightly affected by the sol-
vent polarity, giving its absorption maxima at 300–309 nm (data
not shown here). As already known, fluorescence spectra of
p-DMAB are significantly changed by the solvent polarity (polar
solvent can stabilize the intramolecular charge transfer state).7,8

We thus measured the fluorescence spectra of 1 gel and 2 solu-
tion in acetonitrile, 1-propanol, and cyclohexane, whose relative
permittivities are 37.5, 20.3, and 2.0, respectively. The fluores-
cence maximum of 2 in acetonitrile solution appeared at
488 nm, which is attributed to emission from the TICT state,
whereas that in cyclohexane solution appeared at 340 nm, which
is attributed to emission from the coplanar conformation. In
1-propanol whose permittivity is between acetonitrile and cyclo-
hexane, 2 showed the dual fluorescence property (Figure 2a).
These results are all in line with those reported for the related
TICT compounds.7,8
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Scheme 1. Structures of compound 1 and reference 2.

Figure 1. SEM image of xerogel of 1 prepared from cyclohex-
ane.
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Very interestingly, all 1 gels prepared from foregoing sol-
vents gave only the shorter-wavelength fluorescence; that is,
TICT emission was hardly observed even in the polar solvents
such as acetonitrile and 1-propanol (Figure 2b). In order to con-
firm that these spectral differences are due to the self-assembly
arising from gel-formation of 1, we conducted the following
two experiments. Firstly, the concentration of 1 was increased
from 5:0� 10�5 to 2:0� 10�2 M, monitoring the fluorescence
spectral change. In acetonitrile and 1-propanol, the fluorescence
spectra drastically changed somewhat below their critical gelat-
ion concentrations (CGC; 7:5� 10�3 M for acetonitrile, and
1:1� 10�2 M for 1-propanol).9 Secondly, the gel-formation
process was monitored by a fluorescence spectroscopic method.
The gel was first heated to obtain the sol phase, and then left in a
thermostatic cell holder. The fluorescence spectra were meas-
ured as a function of the solvent temperature. In the first stage
of the cooling process, the sol phase of 1 showed the same fluo-
rescence spectrum as that of 2 solution. However, after further
cooling and subsequent gel formation, fluorescence from the
TICT state decreased with the increase in emission from the co-
planar conformation. As a consequence, the fluorescence color
changed from green to purple in acetonitrile, greenish blue to
purple in 1-propanol, and did not change in cyclohexane
(Table 1). These results indicate that the fluorescence spectral
change is induced by the gel-formation; self-assembly of 1.

From these spectral characteristics, one can propose that the mi-
croenvironment around the gel fibril and/or the molecular mobi-
lity of 1 are nearly the same, independent of the solvent polarity.
These spectral changes can be repeated several times by heating-
cooling recycle processes (Figure 3).

In conclusion, we have demonstrated that a cholesterol-
appended p-DMAB derivative acts as an efficient gelator for
various organic solvents. The gel showed only the shorter-
wavelength fluorescence emission arising from the coplanar
conformation independent of the solvent polarity, whereas the
sol showed the conventional TICT fluorescence properties of
p-DMAB. We believe that the present organogel system has
unique potentials not only to assess the microenvironmental
effect around organogel fibrils4,6 but also to develop the new
photochemical soft materials from organogels.
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Figure 2. (a) Fluorescence spectra of 2 solution, and (b) fluo-
rescence spectra of 1 gel in acetonitrile (dotted), 1-propanol
(dashed), and cyclohexane (solid), � ex ¼ 290 nm.

Table 1. Fluorescence maxima of 1 in sol and gel phase

Solvent �em of sol/nm Tgel/
�C10 � em of gel/nm

acetonitrile
488

83
360

(green) (purple)

485
1-propanol 362 57

366

(greenish blue)
(purple)

cyclohexane
340

23
364

(purple) (purple)

Figure 3. Reversibility in the fluorescence maximum change in
1 gel; aceonitrile (dotted), 1-propanol (dashed), and cyclohexane
(solid).
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