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A Morphological Study on the Changes in Texture of the Merocyanine-
containing LB Films Induced by Hydrothermal Treatments
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Change in morphology of merocyanine — Cd arachidate mixed Langmuir-Blodgett (LB) films has been studied before and
after the hydrothermal treatments (HTT) of 100% humidity at temperatures ranging from 30°C to 90°C using a polarized light
photomicroscope. By applying HTT, the J-band with an in-plane anisotropy in the as-deposited LB films is reorganized into
an isotropic phase characterized with a narrowing of the peak. Correspondingly, the microscopic image, initially anisotropic
and featureless under polarized light, changes to be isotropic and filled with round-shaped domains as large as 0.1 mm or
more in diameter. Observation of four types of LB samples with different monolayer stacks indicates that each domain is
confined to one single monolayer.
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1. INTRODUCTION

Langmuir-Blodgett (LB) films are attracting a
continued attention as a designable molecular assembly
system [1]. They are fabricated using a technique
known as the LB method which is based on the
preparation of monolayers at the air-water interface
followed by the transfer of them one after another onto a
solid substrate by dipping and raising it traversing the
interface. Thus prepared LB film is associated with a
one-dimensional (1D) sequence of monolayers in
accordance with the plan along the direction normal to
the substrate plane: a variety of 1D sequences, e.g.,
ABAB..., AABB..., ABBABB..., and so forth can be
construcied using only two different monolayer species
Aand B.

The in-plane molecular organization is however not a
direct consequence of the LB technique, and additional
means have therefore been introduced for developing it.
A vast literature is dedicated to the modification of
aggregation state in the LB films. In this respect,
mixed LB films of a surface-active merocyanine and
arachidic acid (MS and C, in Figs. 1 (a) and (b),
respectively) have drawn attention as a model system to
examine the effects of various secondary treatments, i.e.,
the acid treatment (AT) and the basic treatment (BT) in
both gas- and liquid-phases, and the heat treatment (HT)
in gas phase [2-9]. AT dissociates the J-band, BT
restores it, and HT dissociates it at higher temperatures
(90°C, typically) [3] but reorganizes it at lower
temperatures (“mild” HT at 60°C ~ 70°C) to form a new
phasé with spectra further red-shified and sharper in
shape than those before the treatment [5, 6]. Recently,
we have found that the reorganization of J-band is
induced in a similar manner for a wider temperature
range, 30°C ~ 90°C, by applying hydrothermal
treatments (HTT) under 100% relative humidity as
exemplified in Fig. 2 [7-9], and that the reorganization
process is associated with changes ‘in the film texture
observed by a photomicroscope [8]. Superstructures
with round-shaped domains of approximate diameters as
large as up to 0.1 mm or more appear after HTT [8].

For a better understanding of HTT, the changes in
texture of the MS-C,, LB system have been further
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Fig. 1 Chemical structures of film-forming materials.
(a) Merocyanine (MS), and (b) arachidic acid (Cyp).
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Fig. 2 Typical UV-visible absorbance spectra 4 and
A, before HTT of a 10-layered MS-Cy LB film shown
by the solid and dashed lines, respectively. The thick
line refers to the spectra after HTT at 90°C for 15 min,
respectively, where the 4; and 4, spectra are identical
with each other.

studied for varying heating temperature Ty and heating
time 7z employing LB samples with different monolayer
stacks. The results are shown in the present paper.

2. EXPERIMENTAL

MS and C,; from Hayashibara Biochemical Lab. Inc.
and Fluka AG, respectively, were used without further
purification. They were dissolved in optical-grade
chloroform from Tokyo Kasei with a molar mixing ratio
of [MS] : [Cx]=1 : 2. The monolayers were prepared
on a Cd*'-containing subphase water and successively
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Fig. 3 Photomicrographs of 10-layered’ MS-C,y mixed
LB films deposited on the C,p-hydrophobized substrates
after HTT for a fixed heating time of /=60 min. (a),
(b), (c) and (d) refer to Ty=40, 60, 80 and 90°C,
respectively.
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Fig. 4 Average size d,,, for 60-min-HTT plotted as a
function of Ty,  The deviations are given by bars.

deposited onto one side of a substrate using the standard
vertical dipping technique as described in the previous

papers [2-4]. The substrates, each 1/4 of ordinary slide
glass, were hydrophobized by coating them with five
monolayers of Cyy [6-8]. The monolayers, cither of
MS-Cy or pure Cay, were then successively deposited,
where they were transferred with a deposition ratio of
approximately umity for both upward and downward
strokes irrespective of the monolayer compositions,
resulting in the Y-type LB films. We prepared four
different types: (a) 10-layered, (b) 4-layered films, (c)
2-layered, and (d) 1-layered, each deposited on a
Cyo-hydrophobized substrate. Types (a)-(c) consist of
homogeneous Y-type bilayer unit cells, while a type-(d)
sample involves a heterogeneous unit cell composed of a
MS-C,, monolayer and a pure C,, one picked up by
upward and downward strokes, respectively. An
aluminum tube (ca. 20 mm in diameter and 150 mm
long) with a screw lid at one end was used for HTT [8].
A small amount of pure water (2 cm” or less) was first
introduced into the tube to realize the condition of 100%
relative humidity, a spacer was then settled at the bottom
to avoid the direct contact between the water and the
sample that was finally placed in the tube [8]. The tube
was immersed for a given heating time in a water bath
kept at a constant temperature and then pulled off from
the bath to cool down to room temperature. The
photomicrographs were recorded using an Olympus
BH-2 photomicroscope with a CCD camera.
UV-visible absorption spectra 4 and 4, for 400-700 nm
were measured using a Shimadzu UV-2100
spectrophotometer, where 4; and 4 ;, refer to
absorbances taken wusing linearly polarized light
incidents with the electric vector parallel and
perpendicular to the dipping direction in the deposition
process, respectively.

3. RESULTS AND DISCUSSION
3.1 HTT-induced change in the absorbance spectra
Figure 2 exemplifies typical UV-visible absorbance
spectra Ay and 4, of a 10-layered MS-C; LB film in
the as-deposited state and after HTT at a heating
temperature 7=90°C for a heating time #=15 min.
The as-deposited spectra show an in-plane anisotropy
with a dichroic ratio R=4; /4, >1 (R=1.22 for this
sample), each associated with a J-band centered around
590 nm which is redshified by ca. 70 nm from the
530-nm band observed in MS solution in CHCl;. A
new phase of J-band with further redshift appears after
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Fig. 5 Photomicrographs of 10-layered MS-Cyy mixed
LB films deposited on the C,p-hydrophobized substrates
after HTT at a fixed heating temperature 7;790°C. (a)
and (b) refer to #=15 and 45 min, respectively (see also
Fig. 3 (d) for t4x=60 min).

the 90°C-HIT for fyx=15 min, and the band is fully
developed with respect to its position, height and
sharpness. The anisotropy is no more to be seen
between the both spectra. The above remarks are
consistent with those reported so far and the detailed
analysis to be dealt with in a separate paper.

3.2 Morphology of the HT T-induced superstructures

The photomicroscope images of as-deposited films
are featureless within the resolution although they are
associated with vague local inhomogeneities as outlined
in a preliminary report [8]. The brightness of the field
under polarized light incident varies with a z-periodicity
when the sample is rotated on the stage in accordance
with the anisotropy in absorbance.

After HTT at temperatures 7=30-90°C, there appear
superstructures, round-shaped and as large as up to 100
um or more in the approximate diameter, in the images
as preliminarily reported [8]. The occurrence of these
round-shaped domains is found to depend on both
temperature Ty and time #;. In the following, further
details are shown using the microscopic images.

3.2.1 Dependence on Ty
Figures 3 (a)-(d) show the images from 10-layered LB
films after 60-min HTT at 73=40, 60, 80 and 90°C,

respectively, where all samples belong to the same batch.

Two different types of round-shaped domains are
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Fig. 6 Average size dy,, for 90°C-HTT plotted as a
function of #y. The deviations are given by bars.

recognized: those surrounded by bright lines and those
by dark lines, which will be hereafier referred to as the
B- and the D-types, respectively.

The image for the 40°C-HTT in Fig. 3(a) represents
an initial stage of the growing process of the
round-shaped domains. The domains are of B-type and
smaller in size than those seen in the later stages where
the new phase of J-band is fully developed. It is noted
that the remaining in-plane anisotropy is often observed
in this stage as the anisotropic spectra with R>1 and the
variation of field brightness with the z-periodicity under
polarized light incident giving the maximum brightness
when the dipping direction is parallel or anti-parallel to
the polarization direction,

From T3=60°C on, D-type domains appear in the field
as seen in Figs. 3 (b)-(d). The B-type domains are
occasionally stacked one on another in a random manner,
while the D-type are located above the B-type. Stacks
up to four-fold are so far recognized as reported in the
previous paper. Both B-type and D-type domains tend
to grow in size with increasing Ty. This suggests that
the B- and D-type domains are bound to the inner and
the outer monolayers, respectively. Here, the
difference in color between the B-type and D-type rims
may originate from the different dielectric environments
surrounding the domains: an inner monolayer is
sandwiched between the adjacent monolayers while an
outer monolayer is faced to air on one side.

The average wvalue of the approximate domain
diameter d, for #;=60 min is given as a function of Ty
in Fig. 4, where each point involves data from ~100 or
more domains seen in randomly chosen fields. The
dypp—value remains in a range of 20-30 um below
Ty=70°C, increases up to its maximum at 7;=80°C and
then tends to decrease down to ca. 70 pm at 75=90°C.
The larger deviations of d,,,; at 7;y=80 and 90°C are due
to the increased confribution from D-type domains
whose sizes occasionally exceed 150 pm.

3.2.2 Dependence on #y

Figures 5 (a) and (b) show the images from 10-
layered LB films at 73;=90°C for #;~15 and 45 min,
respectively. Here, Fig. 4 (d) is referred to as the case
of t=60 min.

The image for #;=15 is filled with B-type domains
alone as seen in Fig. 5 (a) as is the case with Fig. 3 (a) of
Ty=40°C and #z=60 min. The new phase of J-band is
however fully developed at 73=90°C within 15 min as
shown in Fig. 2. It is therefore indicated that the

process of domain growth has a delay compared to the -
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Fig. 7 Photomicrographs of MS-C,; mixed LB films
deposited on the C,p-hydrophobized substrates after
80°C-HTT for 60 min. (a), (b) and (c) refer to 4-, 2-
and 1-layer films, respectively (see also Fig. 3 (c) for
the 10-layer case).

J-band reorganization process.

The image for ty=45 min in Fig. 5 (a) shares common
features with Fig. 4 (d) for #7760 min except for the
larger domain sizes in the latter, showing that the
domain growth is still under way. Both B-type and
D-type domains coexist in the field with occasional
stackings among them.

Figure 6 shows the dependence of dy, on ty at
Ty=90°C based on samples belonging to one¢ single
batch. Up to =30 min it remains in a range of 20-30
pm, and then it increases up to dypp~ca. 80 pm at =60
min, which is by ca. 10 pm larger than that from a
sample of another batch given in Fig. 4. This

difference may involve the batch dependence of the
sample properties, the experimental errors and also the
statistical fluctuations in small-scale sampling.

3.2.3 Dependence on the film thickness

We have prepared samples with reduced number of
MS-C,y mixed monolayers to evaluate the thickness of
the round-shaped domains. Figures 7 (a)-(c) show the
images of the 4-, 2- and 1-layered MS-C LB films after
80°C-HTT for 60 min, respectively. The 4- and the
2-layer cases are discriminated from the 10-layer case
(Fig. 3 (c)) by their relative predominance of the D-type
over the B-type, while the 1-layer case is characterized
by the absence of the D-type. These observations lead
to a picture that D-type and B-type domains represent
those in the outermost monolayer and the inner ones,
respectively, and that each is one monolayer thick or
even less since it is confined to one single monolayer.
It is noted that the above scheme is consistent with the
tentative interpretation given in the previous paper [8].

4 CONCLUDING REMARKS

We have examined the change in morphology of
MS - Cd arachidate mixed LB films before and after
HTT at 73=30°~ 90°C for #y up 60 min by means of a
polarized light photomicroscope. By applying HTT,
the as-deposited J-band with an in-plane anisotropy is
reorganized into a new phase of J-band characterized
with a sharp peak. The microscopic image, initially
anisotropic and featureless under polarized light, tends
to be isotropic and filled with either or both types of
round-shaped domains as large as 0.1 mm or more in
diameter. The growth process of the domains is found
to have a delay compared to that of the peak height of
the reorganized J-band, indicating that it is continued
after the spectral change is saturated. Observation of
four types of LB samples with different monolayer
stacks indicates that each domain is confined to one
single monolayer.
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