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Aqueous dispersion of J-aggregates and
J-aggregate doped bulk-gels prepared by the dispersion
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We have prepared silica bulk-gels doped with merocyanine J-aggregates by a sol-gel method. The obtained
bulk-gels had high transparency and the J-aggregates were doped uniformly. The merocyanine
concentration of 69 nmol/cm® was achieved. The preparation conditions of J-aggregate doped bulk-gels and
their visible absorption properties were reported.
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1. INTRODUCTION

J-aggregates are assemblies of organic dye molecules
" with ordered structures. They show a sharp, intense and
red-shifted visible absorption band with respect to that
of monomeric dye molecules. They have a large
nonlinear optical property [1] and are used as spectral
sensitizers of silver halides in photography [2].

For applications in optical technologies, various
optical properties of the J-aggregates have been studied
[3-12] and, to have better mechanical, chemical and
physical stabilities, the J-aggregate doped silica films
were prepared using sol-gel methods [1,13,14]. The
present work has been devoted to dope the J-aggregates
formed by amphiphilic merocyanine dye (MD)
molecules (Fig. 1) in a silica matrix.

Besides the various investigations on the MD
J-aggregate films, such as Langmuir-Blodgett [15,16],
vapor deposition [17] and cast films [18], we made
aqueous liposome dispersions of MD J-aggregates [19].
The MD J-aggregates were dispersed together with
liposome-forming lipids in aqueous media. Our aim is to
dope the MD J-aggregates in a silica matrix using their
aqueous dispersion. The advantage of the use of the
J-aggregate dispersion is that we could easily control the
doping concentration of the J-aggregates without
concerning the conditions for the J-aggregate formation
during the sample preparation. So far, monomeric dye
molecules were mixed in the sol solution and they
assembled into the J-aggregates during the gelation and
the drying process of the sol solution [1,14]. In these
cases, the J-aggregate formation depended on a rotating
speed in a spin-coating method [1] and the drying
conditions [14]. Therefore, if the J-aggregates
themselves were dispersed in the sol solution, wider
conditions for doping the J-aggregates in the silica
matrixes could be realized.

2. EXPERIMENTAL

The MD molecules were purchased from Hayashibara
Biochemical Laboratory, Inc., and the phospholipids
(1,2-dimyristoyl-sn-glycero-3-phosphocholine, DMPC)
were purchased from NOF Corporation. Methyl
-triethoxysilane (MTES, Fig. 2(a)) and tetraethyl
-ortosilicate (TEOS, Fig. 2(b)) were obtained from
Acros Organics and Wako Pure Chemical Industries,
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Ltd., respectively. Pure water used was prepared in a
Milli-Q system.
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Fig. 2 Molecular structures of (a) MTES and (b)
TEOS.

A full description for the preparation of the
J-aggregate dispersion was found in Ref. [19]. In brief,
0.16 pmol of MD and 032 pmol of DMPC were
dispersed in 4 mL of 1 mM CdCl, aqueous solution.
NaHCO; was added to keep the pH value around 6.3.

For the MD J-aggregate doping, the conditions for
entrapping liposomes in the silica matrices {20-23] were
referred. A mixture of TEOS (9.38 g) and MTES (1.04
g) was added in a solution consisting of 9 g of pure
water, 0.76 mL of 0.04 N aqueous HCI and 5.06 g of
ethanol. The resultant mixed solution separated in two.
phases. This solution was stirred for 2 hours by a
magnetic stirrer at 1200 rpm to obtain a one phase clear
solution. During this stirring period, TEOS and MTES
were hydrolyzed and polycondensation reaction
occurred, resulting in the sol solution. To the sol
solution, a mixture of pure water (25 g) and 0.01 N
aqueous ammonia (3.75 mL) was added drop by drop to
adjust the pH from acidic to neutral, followed by stirring
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for 2 hours. 0.5 g of the J-aggregate dispersion was then
added to 3.5 g of the sol solution and 3 minute stirring
was followed. The sol solution added with the
J-aggregates was poured into an acryl cylinder of 31 mm
diameter and was incubated in dark for gelation and
drying. All procedures were carried out at a room
temperature.

Absorption spectra of the samples were measured by
UV-visible recording photo-spectrometer (UV-2100,
Shimadzu).

3. RESULTS AND DISCUSSION

The above condition was found out to obtain the
uniformly doped, transparent, crack free, and
mechanically hard silica bulk-gels without any
precipitation and dissociation of the MD J-aggregates.

The mixture ratio of water and ethanol affected the
hydrolyzation speed of the alkoxides and the J-aggregate
dispersion. An increase of the ratio of ethanol than the
above condition resulted in an increase of the
hydrolyzation speed. However, the precipitation and
dissociation of J-aggregates in the sol solution occurred.

The pH of the sol solution infected the transparency
of the gel and the dispersity of the J-aggregates. The
acid catalyst (HCI) was used to obtain a transparent sol
solution. However, the acidic condition resulted in the
precipitation of the J-aggregates and cracks in the gel.
Therefore, before adding the J-aggregate dispersion, the
aqueous ammonia was added to make the solution
neutral. When NaOH was used instead of ammonia, the
obtained bulk-gels had a poor mechanical stability and
were easily broken into small pieces.

The blend ratio of MTES and TEOS was also an
important parameter to have the uniform and transparent
J-aggregate doped silica bulk-gels. Because MTES has
one methyl group that is not responsible for the
hydrolysis reaction (Fig. 2(a)), the addition of MTES to
TEOS leads to a less dense SiO, network and gives a
slight plasticity to the silica. Due to this effect, the
resultant silica gel was not easily broken in comparison
with the silica gel obtained without MTES. However, as
the amount of MTES increased, the gelation speed of the
sol solution decreased and the J-aggregates precipitated
in the gel. Therefore, we adjusted the mixture ratio of
TEOS and MTES at 9.38 g and 1.04 g, respectively, to
let the sol solution lose its liquidity within 2 days.

The increase in the adding amount of the aqueous
dispersion of the J-aggregates in the sol solution
promoted the generation of cracks in bulk-gels during
the drying process. This tendency might be caused not
by the J-aggregates but by the increase of water content
in the sol solution [24]. Above the weight ratio between
the J-aggregate dispersion and the sol solution of 1 : 3,
the crack generation became significanit. Therefore, we
prepared at the ratio of 1 : 7 in the preset work.

The drying process to form the bulk-gel was
performed in the acryl cylinder. When the sol solution
was lost its liquidity, a wet gel was formed. The wet gel
was so soft and fragile that it could not be taken out
from the cylinder without breaking into pieces. The
shrinkage of the wet gel during the drying process
detached the gel from the cylinder wall and increased
the mechanical strength of the gel, resulting in the
formation of the bulk-gel. These shrinkage effects that

were achieved by drying at least 3 weeks made us easy
to take out the bulk-gel from the cylinder.

The photographs of the obtained J-aggregate doped
silica bulk-gel, which was taken out from the cylinder,
are shown in Fig. 3. Although there are two cracks, it is
transparent and the uniform doping of the J-aggregates
was achieved. Fig. 3(a) shows the bulk-gel after 4 week
drying. The bulk-gel had a diameter of 27 mm and a
thickness of 1.6 mm. Fig. 3(b) indicates the same sample
after 5 week drying. The bulk-gel shrank in a diameter
of 17 mm and a thickness of 1.4 mm. The volume of (a)
was reduced to ca. 1/3 in (b).

Fig. 3 The photographs of the J-aggregate doped silica
bulk-gel. The bulk-gel dried for (a) 4 weeks and (b) 5
weeks after the preparation of the sol solution. The mesh
lines can be seen clearly through the gel, indicating that
the obtained gel was transparent and uniform.
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Fig. 4 The visible absorption spectra of the samples.
Dash and solid lines indicate spectra of the bulk-gel
shown in Fig. 3 (a) and (b), respectively. Dotted line
indicates the spectrum of the aqueous J-aggregate
dispersion before doping.
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Table 1 The absorption properties and the dye concentrations of the bulk-gel and the J-aggregate dispersion.

Bulk-gel
Aqueous dispersion
After 4 weeks After 5 weeks
Peak wavelength (nm) 601.5 602 602
FWHM (nm) 23 26 30
Dye concentration (nmol/cm®) 80 51.2 69

Fig. 4 shows the visible absorption spectra of the
obtained J-aggregate doped silica bulk-gel and the
J-aggregate dispersion. According to the shrinkage of
the sample observed in Fig. 3, the absorption coefficient
of the 5 week passed bulk-gel is estimated to be 2.88
times larger than that of the 4 week passed sample.
However, the actual increase was only 1.35 times as
shown in Fig. 4(Dash and solid lines), indicating the
discoloration of the MD molecules during the drying
process. On the other hand, as indicated in Table 1, the
absorption peak wavelengths and the full widths at half
maximum (FWHM) of the peaks in Fig. 4 are almost the
same, indicating that apparently there was no
dissociation of the J-aggregates during the drying
process. These results imply that there are two
possibilities on the discoloration mechanism: (1) the
J-aggregates are directly decomposed, (2) the
J-aggregates are gradually dissociated and the resultant
monomers are decomposed too rapidly to be detected in
the spectra. The dye concentrations in the bulk-gel dried
for 4 and 5 weeks were calculated by the absorption
coefficients at the peaks, and were 51.2 and 69
nmol/cm’, respectively. The dye concentration of the 5
week passed bulk-gel was reached to 85% of that of the
aqueous dispersion.

4. SUMMARY

We doped the MD J-aggregates in a silica matrix
using the sol-gel method. The obtained silica bulk-gels
were transparent and the J-aggregates were doped
uniformly in the matrix. The dye concentration in one of
the bulk-gels was 69 nmol/cm®. According to the visible
absorption spectra of the J-aggregates doped bulk-gel,
the monomer absorption band was not observed for 5
weeks.
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