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Abstract

In the mixed Langmuir–Blodgett (LB) films of a selenium-containing cyanine dye and an azobenzene derivative (molecular ratio= 3:1),
the azobenzene photoisomerized reversibly by the alternate illumination with UV and visible light. After three cycles of photoisomeriza-
tion, the J-band of the cyanine dye started to develop and reached a saturated state after 12 h, when the samples were stored in the dark. A
drastic change in the morphology of the mixed LB films occurred with the development of the J-band. When the J-band was fully
developed, a number of cones protruded from the film surface which should be due to the formation of J-aggregate of the cyanine dye.
The size of the largest cones was ca. 250 nm in height and ca. 2000 nm in diameter at the base. The light-induced J-aggregation in the
present case is similar in nature to the previously reported case (M. Matsumoto et al., J. Phys. Chem. B 101 (1997) 702). However, the
number of cones is smaller, the size larger, and the time necessary for the full development of the cones longer in the present case compared
with the previous case. 1998 Elsevier Science S.A. All rights reserved
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1. Introduction

Photoisomerization plays an important role in living crea-
tures; for example, photoisomerization of a retinal chromo-
phore in rhodopsins results in nerve impulses and that in
bacteriorhodopsins gives rise to proton pumping across the
membrane [1]. It should be noted that the structural change
of the proteins triggered by the photoisomerization is a key
process for the biological activities. In this sense, photo-
isomerization of a chromophore can be used to control the
structures and functions of molecular assemblies such as
Langmuir–Blodgett (LB) films. Controlling the electrical
conductivity [2–6] and the alignment of liquid crystals
lying on the LB films [7] has been achieved using photo-
isomerization of azobenzene chromophore as a trigger.

In a recent communication [8], we have reported that
photoisomerization of azobenzene triggers the J-aggrega-
tion [9,10] of a cyanine molecule in mixed LB films. The
amount of J-aggregate of the cyanine molecule increases

with the number of cycles of the reversible photoisomeriza-
tion of the azobenzene. A number of cone-shaped structures
grow on the film surface with the J-aggregation. In this
report, we will demonstrate that another cyanine derivative
also self-organizes into J-aggregate by the alternate illumi-
nation of UV and visible light in the mixed LB films with
the azobenzene.

2. Experimental

Monolayer measurements were done on a Lauda film
balance at 289 K. The monolayers were transferred at 25
mN m−1 using a horizontal lifting method on quartz sub-
strates hydrophobized with 1,1,1,3,3,3-hexamethyldisila-
zane for absorption spectroscopy. Molecules used in this
study are shown in Fig. 1. Absorption spectra of CY–Se/
APT mixed LB films were measured with a Shimadzu UV-
265FS spectrophotometer. Photoisomerization of APT in
the LB films was monitored by alternate UV (365 nm)
and visible (436 nm) light irradiation using monochromated
light from a 500-W high-pressure mercury lamp. For atomic
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force microscopy (AFM) observations, single-layer LB
films were transferred onto mica using the vertical dipping
method (multilayer transfer was unsuccessful using the ver-
tical dipping method). The AFM images were taken on a
Seiko SPA 300 with an SPI 3700 probe station using non-
contact mode (dynamic force mode) at 27 kHz. Commer-
cially available Si cantilevers with a force constant of 1.5 N/
m were used.

3. Results and discussion

Fig. 2 shows absorption spectra of CY–Se in solution and
in a single-component LB film. An absorption band at ca.
500 nm in the solution spectrum is assumed to be due to a
monomer and/or small aggregates such as dimers. A narrow
band at ca. 560 nm in the spectrum of the LB film is due to J-
aggregate of CY–Se. This indicates that CY–Se tends to
form a J-aggregate when the molecule is closely packed at a
sufficient concentration.

Fig. 3 shows the change in absorption spectrum of the
CY–Se/APT= 3:1 mixed LB films measured every hour
after three cycles of alternate photoirradiation with UV
and visible light. Several points should be noted.

Firstly, the J-band is completely missing in the spectrum
before irradiation, which suggests that J-aggregation of

CY–Se is hindered by the presence of APT and that the
two components are mixed at a molecular level in the LB
films.

Secondly, APT in the CY–Se/APT= 3:1 mixed LB film
showed reversible photoisomerization by the alternate illu-
mination with UV and visible light, which was confirmed by
the change in absorption spectrum (data not shown). The
absorption band at ca. 350 nm, mainly assigned totrans-
azobenzene, showed reversible change in intensity on alter-
nate photoirradiation. No significant change in the absorp-
tion band of CY–Se was observed during the photoiso-
merization. In this sense, the present case is different from
the previously reported case of mixed LB films of CY and
APT where J-aggregation proceeds with the photoisomeri-
zation [8].

Lastly, J-aggregation of CY–Se in the mixed LB films
proceeded while the films were stored in the dark after three
cycles of photoirradiation, which is clearly seen in the
development of the J-band with time. The J-aggregation
comes to a saturated state after ca. 12 h. The photoirradia-
tion is crucial since no J-band was observed to develop
without the photoirradiation. This suggests a slight struc-
tural change of the mixed LB films by the reversible photo-
isomerization, which is not detected by the absorption
spectroscopy. Once this structural change takes place, the
J-aggregation seems to occur thermally at room tempera-
ture. Thermal processes were also observed in the CY/APT
case [8].

A drastic change in the morphology of the CY–Se/
APT = 3:1 mixed LB films occurred with the development
of the J-band of CY–Se. Fig. 4 shows the change in AFM
image of the mixed LB film in an as-deposited state and
after full development of the J-band. In the as-deposited
state, a number of defects are already formed, as shown in
Fig. 4A. After the J-aggregation has completed, tens of
cone-shaped structures protrude from the film surface in
the scanned area. The size of the largest cones is ca. 250

Fig. 1. Chemical structures of CY–Se and APT.

Fig. 2. Absorption spectra of CY–Se: (a) in solution; (b) in a single-com-
ponent LB film.

Fig. 3. Change in absorption spectrum of the CY–Se/API= 3:1 mixed LB
film stored in the dark measured every hour after three cycles of the
alternate photoirradiation with UV and visible light. The arrow indicates
the progression of J-band with time.
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nm in height and ca. 2000 nm in diameter at the base. We
assume that these cones consist of the J-aggregates of CY–
Se molecules since these cones developed with the J-band.
If we further assume that CY–Se molecules form a layer
structure as in usual LB films, we estimate that ca. 2× 108

CY–Se molecules are present in one cone, using the length
of the molecule of ca. 3 nm estimated from molecular model
and the cross-sectional area of 0.4 nm2 obtained from the
surface pressure–area isotherm. A similar morphological
change accompanied by the J-aggregation was observed in
the CY/APT case. However, there is a significant difference
in the number and size of the cones. In the present case,

several tens of cones were observed in 40 000mm2 and the
number of molecules existing in one cone is ca. 2× 108. In
the CY/APT case, tens of cones were observed in 100mm2

and the number of molecules involved in one cone is ca.
2 × 105. The results suggest that time necessary for comple-
tion of J-aggregation depends on the size of the cones: the
larger the cones are, the longer it takes for the cones to
develop fully into a saturated state.

4. Conclusions

This study shows that photoisomerization of a chromo-
phore can be used as a trigger to control the structures and
functions of LB films. The results indicate that the light-
induced J-aggregation of this type is a general process and is
not specific to the CY/APT system. The important para-
meter is the mixing ratio since the development of the J-
band was observed when the mixing ratio is close to 3:1 in
the CY–Se/APT system (1:1 in the CY/APT system). This
suggests that the light-induced J-aggregation depends criti-
cally on the mixing state of the LB films which is governed
by the mixing ratio.
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Fig. 4. AFM image of the CY–Se/API= 3:1 mixed one-layer LB film on
mica in an as-deposited state (A) and after full development of the J-band
of CY–Se (B). Note the difference in the vertical axis between the two
cases.
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