This article was downloaded by: [University of California, San Diego]

On: 20 August 2012, At: 22:13

Publisher: Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered
office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH, UK

Molecular Crystals and Liquid Crystals
Science and Technology. Section A.
Molecular Crystals and Liquid Crystals

—— Publication details, including instructions for authors and
subscription information:
http://www.tandfonline.com/loi/gmcl19

The Mutual Mixing Effect in the LB
Films of Merocyanine Dyes

Kazuhiro Murata # , Hoon-Kyu Shin # , Shin-ichikuroda ® &
Kazuhiro Saito *

# Electrotechnical Laboratory, 1-1-4 Umezono, Tsukuba, Ibaraki,
305, Japan

Version of record first published: 24 Sep 2006

To cite this article: Kazuhiro Murata, Hoon-Kyu Shin, Shin-ichikuroda & Kazuhiro Saito (1997): The
Mutual Mixing Effect in the LB Films of Merocyanine Dyes, Molecular Crystals and Liquid Crystals
Science and Technology. Section A. Molecular Crystals and Liquid Crystals, 294:1, 113-116

To link to this article: http://dx.doi.org/10.1080/10587259708032261

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-and-
conditions

This article may be used for research, teaching, and private study purposes. Any
substantial or systematic reproduction, redistribution, reselling, loan, sub-licensing,
systematic supply, or distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any
representation that the contents will be complete or accurate or up to date. The
accuracy of any instructions, formulae, and drug doses should be independently
verified with primary sources. The publisher shall not be liable for any loss, actions,
claims, proceedings, demand, or costs or damages whatsoever or howsoever caused
arising directly or indirectly in connection with or arising out of the use of this material.



http://www.tandfonline.com/loi/gmcl19
http://dx.doi.org/10.1080/10587259708032261
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions

Downloaded by [University of California, San Diego] at 22:13 20 August 2012

Mol. Cryst. Lig. Cryst., 1997, Vol. 294, pp. 113-116 © 1997 OPA (Overseas Publishers Association)
Reprints available directly from the publisher Amsterdam B.V. Published in T_'he Nethelilands
Photocopying permitted by license only under license by Gordon and Breach Science Publishers

Printed in India

THE MUTUAL MIXING EFFECT IN THE LB FILMS OF
MEROCYANINE DYES

KAZUHIRO MURATA, HOON-KYU SHIN, SHIN-ICHI KURODA
and KAZUHIRO SAITO
Electrotechnical Laboratory, 1-1-4 Umezono, Tsukuba, Ibaraki 305, Japan

Abstract The mutual mixing effect in the LB films of four kinds of merocyanine
dyes have been investigated by optical absorption and fluorescence
measurements. In single component films, DSe, DS and 6-methyl DS (6Me-DS)
can form J-like aggregates but not for DO. In [6Me-DS}-[DO] system, a sharp J-
band peak linearly shifts to the longer wavelength for the replacement of 6Me-DS
by DO. In [DS]-[DO] system, [DS]:[DO]=1:1 film shows a both sharp J-band
absorption and fluorescence peak. The behavior are understood by the formation
of the 'solid solution' for [6Me-DS]-[DO] and the 'intermolecular compound’ for
[DS]-[DO]. Furthermore, the spectrum of [DO]-[DSe] system shows the
presence of the 'phase separation'. These results would relate to an interesting
problem, what we may call a '2-dimensional phase diagram' in J-aggregates.

INTRODUCTION

The formation of J-aggregates is one of the important subjects for molecular arrangement
of dye (1). The characteristic red-shifted bands in the optical absorption spectra,
suggesting the presence of the J-aggregate, have been observed in merocyanine-dye LB
films (2. 3), Figure 1 shows molecular structure of surface-active merocyanine dyes for
LB films (a): X=0 (DO); X=S (DS); X=Se (DSe) and (b): 6-methyl DS (6Me-DS). ESR
spectroscopy of DS films has revealed a well-defined in-plane molecular orientation that
is consistent with the flow-orientation of J-aggregates (4). As has been reported
previously, DX mixed with arachidic acid (Cpp) with a molar ratio DX:Cyg = 1:2 are
stable for Y-type multilayer (2-5) and hereafter solutions of these 1:2 mixture in CHCl3
and its LB films are simply abbreviated as [DX]. Optical properties of these surface-
active merocyanine dye LB films can be classified into three-types, that is, the [6Me-DS]
films show sharp J-band absorption and strong fluorescence, the [DS] and [DSe] show
broad J-like absorption and almost no fluorescence and the [DO] films do not show J-
band. In such case, it would be an interesting subject to study the mutual mixing effects
because the functional properties of LB films are considered to be strongly dependent on
the molecular species and their microscopic structures -6),

Here we report the formation of J aggregates in a mixed merocyanine-dye LB
films containing a non J-aggregate forming dye, DO, in a single component case.
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FIGURE 1 Molecular structure of surface-active merocyanine dyes for LB films
(a): X=0 (DO); X=S (DS); X=Se (DSe) and (b): 6-methyl DS (6Me-DS)

EXPERIMENTAL

The LB films were prepared by the standard vertical dipping method on sheets of mylar
(polyethylene terephthalate) for ESR and on glass plates for optical absorption and
fluorescence measurements. The substrate was coated with five monolayers of cadmium
arachidate to give a hydrophobic surface. The most pronounced J-like band was
observed for the ratio DX:Cpp=1:2 at a pressure of 25 mNm-!. Three mixed solutions of
DX (X=0, S and Se) and 6Me-DS with Cyg in CHCl3 were used as original and they
were further mixed with appropriate ratios to give binary mixture system. Multilayers
used consisted of up to 100 monolayers deposited on mylar and glass substrates from a
subphase (pH, 6.1-6.2) containing 4x10-4 M CdCl; and 2x10-2 M KHCOj3 at 20-21 °C.
Optical absorption spectra were measured using a double-beam spectrometer (MPS-
2000, Shimadzu Co.) with polarizers. For the luminescence measurements, the sample
multilayer was excited by the 540nm light from 100W Xe lamp through an interference
filter. The emitted luminescence was detected using a lateral-scattering geometry.

RESULTS AND DISCUSSION

As described previously, [DSe], [DS] and [6Me-DS] show a characteristic red-shifted
band around 590-600nm. On the other hand, [DO] shows no discemible aggregation
and can be characterized as a single-peaked monomer band centered around 500nm.
Optical absorption spectra of [6Me-DS]1-x[DO]x mixed LB films are shown in Fig. 2
(a). The J-like band around 605nm which is observed in [6Me-DS] is maintained up to
the [DO] concentration as high as around x=0.7. The continuous shift as varying x has
been ascribed to the homogeneous mixing effect of two kinds of aggregates with
different absorption peaks, as reported in the case of cyanine dyes by Penner and Mobius
in ref (6). In the present study, however, DO doesn't show the J-band peak itself. The
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6Me-DS molecules would form a 'solid solution' with DO in wide x regions and the

most part of DO molecules associate to form J-like aggregates. Similar but clearly
different behavior has been observed in another mixed systems, such as [DS]1-x[DO]x.

As shown in Fig. 2 (b), optical absorption spectra of [DS].x[DO]x mixed LB films
show that the broad J-like band around 590nm which is observed in [DS] is maintained
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Figure 2 Optical absorption spectra of (a):[6Me-DS];.x[DO]x
and (b):[DS];.x[DO]x mixed LB films.

up to the [DO] concentration as high as x=0.7. The band width of J-band absorption for
x=0.5 is rather smaller than that of x=0 ([DS]). Figure 3 shows the [DO] concentration

dependence of the J-band peak
position for [6Me-DSJ;.x[DO]x and
[DS]1-x[DO]x. In the [6Me-DS];.
x[DO]x system, the absorbance
peak almost linearly shifts to a
shorter wavelength with increasing
X. On the other hand, in [DS];.
x[DO]x system, the peak shift is
not monotonic as shown in the
figure. In order to further
investigate the J-like aggregates of
the [DS]o.5[DO]Jg.5 films,
fluorescence measurements were
carried out and a strong
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Fig.3  The [DO] concentration dependence
of the J-band peak position for [6Me-DS];.
x[DO]x and [DS];-x[DO]x mixed LB films.
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fluorescence has been observed
in [DS]p,5s[DOJo. 5 suggesting the
well defined aggregates. We
also investigated other
concentration for [DS];_x[DO]y
films, however, strong
fluorescence from the IJ-
aggregates of [DS]o.5s[DO]Jo s
system was not detected. Thus,
we supposed that the observed
red-shifted J-band for
[DS]o.5[D0Jo.5 is essentially
different from [DS]'’s absorption
peak. The best known example
of such case is so-called
‘intermolecular compound'.
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Fig4 Optical absorption spectra of
{DSe}0.5[DO]0.5 mixed LB films (thick solid
curves), together with that of [DSe] and [DO]
spectra (thin curves) for comparison. The
dotted lines are calculated curves which
obtained from [DSe]+[DO] spectra.

Finally, we comment on the [DSe]-[DO] system. Figure 4 shows optical absorption

spectra of [DSe}1.x[DO]x mixed LB films, the dotted line is calculated curve which is

simply obtained from [DSe] spectra + [DO] spectra. As shown in this figure, the spectra

of [DSe]p.s[DOJg s film were almost decomposed to [DSe] and [DO] spectra, suggesting

phase separation. These results suggest that the ability of compound to form J

aggregates is highly sensitive to mixing conditions. Small changes in environment can

lead to the formation of different geometries with different spectroscopic properties.

These 'solid solution’, 'intermolecular compound’ and 'phase separation' would relate to

an interesting problem, what we may call a '2-dimensional phase diagram' in J-

aggregates.
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