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

Langmuir-Blodgett Films of Alkyl-
Substituted Quinhydrone

Taro Konuma ? , Tomoyuki Akutagawa ® & Takayoshi Nakamura ®
# Research Institute for Electronic Science and Graduate School
of Environmental Earth Science, Hokkaido University, Sapporo,

060, JAPAN

Version of record first published: 24 Sep 2006

To cite this article: Taro Konuma, Tomoyuki Akutagawa & Takayoshi Nakamura (1997): Langmuir-
Blodgett Films of Alkyl-Substituted Quinhydrone, Molecular Crystals and Liquid Crystals Science
and Technology. Section A. Molecular Crystals and Liquid Crystals, 294:1, 209-212

To link to this article: http://dx.doi.org/10.1080/10587259708032284

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/10.1080/10587259708032284
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. 209-212 © 1997 OPA (Overscas Publ.ishers Association)
Reprints available directly from the publisher Amsterdam B.V. Published in The Nethcr.lands
Photocopying permitted by license only under license by Gordon and Breach Science Publishers

Printed in India

LANGMUIR-BLODGETT FILMS OF ALKYL-SUBSTITUTED
QUINHYDRONE

TARO KONUMA, TOMOYUKI AKUTAGAWA AND

TAKAYOSHI NAKAMURA* .
Research Institute for Electronic Science and Graduate School of Environmental
Earth Science, Hokkaido University, Sapporo 060, JAPAN

Abstract

The charge transfer (CT) properties were examined in the mixed and the alternate-
layer Langmuir-Blodgett (LB) films of 2-methyl-5-octadecyl-1,4-dihydroxybenzene
(C18HQ) and 2-methyl-5-octadecyl-1,4-benzoquinone (C18Q). Intermolecular
CT took place in both types of LB films. The CT band between C|g8HQ and
C18Q appeared at 590 nm suggested the neutral CT state as in the case of
unsubstituted quinhydrone. The direction of CT was examined by the polarized
spectra. The CT state was accompanied by hydrogen bonding, which was
confirmed by the hydrogen bonded and non-hydrogen bonded C=O stretching
bands appeared in the IR spectra.

INTRODUCTION

The control of intermolecular charge transfer (CT) interactions in the ordered thin films is
one of the important steps to be accomplished towards the molecular level electronic and
photonic devices exploiting organic CT complexes. Langmuir-Blodgett (LB) technique
provides a molecular manipulation method at the nano-meter dimension and is widely
used for constructing functional organic thin films." Number of CT-complex LB films
have been reported too, which are mainly fabricated from semi-amphiphilic molecules
composed of an amphiphilic donor or an amphiphilic acceptor complexes with an
unsubstituted counterpart.”

There are ideally two components which characterize the intermolecular CT
interactions, that is, the direction of CT and its strength (or the degree of CT). Hence
both of the components intimately relate with the functions emerging from films, a
sophisticated technique will be needed to control each component of CT interactions in the
LB films. One possible solution is to use the donors and acceptors with amphiphilic
character, each of which can be incorporated at the desired sites of an LB multilayer,
provided that each donor or acceptor forms a stable monolayer at the air-water interface
and is transferred to the solid substrates by subsequent deposition process.**
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Quinhydrone derivatives have been attracting much interest in recent years from the
view point of cooperative proton-electron transfer phenomena arising from the CT state
accompanied by hydrogen bonding.® In this paper, we will describe the mixed and the
alternate-layer LB films of an alkyl substituted quinhydrone as a model system for the
control of intermolecular CT interactions in the ordered thin films.”

EXPERIMENTAL

We synthesized 2-methyl-5-octadecyl-1,4-dihydroxybenzene (C]gHQ) and 2-methyl-5-
octadecyl-1,4-benzoquinone (Cj18Q) from 2-methyl-5-octadecyl-1,4-dimethoxybenzene.
Mixed LB films were deposited with cadmium arachidate as a matrix. Each compound
was dissolved in benzene at the concentration of 1 x 10-3 M and was mixed before
spreading on a water surface containing 4 x 104 M CdCl) and buffered with KHCO3.
A mixing ratio of donor : acceptor : arachidic acid = 1 : 1 : 2 was adopted. The films
were deposited in Y-type manner. The donor or the acceptor was mixed 1:] with
arachidic acid to form alternate-layer LB films. The Cjg§HQ containing layer was first
transferred (downward stroke) followed by C18Q containing layer (upward stroke).

R T DI ION

Figure 1 shows the UV-visible spectra of 16-layer mixed and alternate-layer LB films of
C1g8HQand C18Q. The absorption bands observed at around 260 and 590 nm are the
local excitation band of the quinone moiety and the intermolecular CT band, respectively.
The position of the latter band is almost the same as that of the unsubstituted quinhydrone
(600 nm), indicating that the HOMO-LUMO gap is not affected by the alkyl substitution
and that the CT ratio should be around 0.2-0.3 in the amphiphilic quinhydrone as in the
case of unsubstituted one in the crystalline form, provided the similar magnitude of

Madelung energy between the crystal and the LB film."

The CT band already appeared in the bilayer films and increased linearly with the
layer number. The peak position did not change significantly with an increase in the
number of layers or with the deposition manner (mixed or alternate-layer). On the other
hand, the local excitation band of the quinone moiety appeared at 254 and 268 nm in the
mixed and alternate-layer LB films, respectively. The band appeared almost the same
position in the mixed LB films as that in solution and showed a red-shift in the alternate-
layer LB films. These results suggest that the molecules form J-like aggregates in the
alternate-layer LB films.
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The direction of CT interactions can be estimated conveniently from the polarized
spectra in the visible region. Should the transition dipole distributes in the film plane, the
intensity of the peak become large at the light-incidence angle of 45° compared with the
normal incidence by using s-polarized light (the electric vector is perpendicular to the
plane of incidence). The CT band of the alternate-layer LB films showed a strong
dichroism, indicating that the direction of CT is relatively parallel to the film plane.
These phenomena are quite reasonable in the mixed LB films in which the donors and
acceptors locate in the same layer. The CT direction in the alternate-layer LB films
showed a tendency to align in the film plane, too. The CT interaction is supposed to be
interlayer, or perpendicular to the film surface, in the case of the alternate-layer LB films,
however. The results can be explained by assuming the interdigitated structure of the
head groups at the layer interface in the alternate-layer LB film.

Absorbance (a.u.)

0
200 300 400 500 600 700 800
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FIGURE 1. UV-visible spectra of 16-layer sample of the mixed (solid line) and the
alternate-layer (dotted line) LB films of C1gHQ and C|8Q, in addition to

the spectrum of C18Q in chloroform solution (dashed line).

Hence the CT in quinhydrones is coupled with hydrogen bonding between the
quinone and hydroquinone moiety, CT interactions can be examined from the hydrogen
bonding character of each film, In IR spectra, two peaks at 1628 and 1657 cm-]
appeared, which may be assigned to the hydrogen bonded and non-hydrogen bonded
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C=0 stretching bands, respectively.” The intensity of the former peak was weak in the
alternate-layer LB film, suggesting that a relatively large amount of free quinones exist in
the film. In other words, the intermolecular CT is not complete in the alternate-layer LB
film.

ON ION

We have demonstrated the intermolecular CT phenomena which take place either intra- or
interlayer in the LB films. From the application point of view, CT complexes in the
interleaved LB films have a noncentrosymmetric structure which is favourable for the
second harmonic generation (SHG). For this purpose, the sufficient interlayer CT
interactions are essential.  To accomplish the interlayer CT in the alternate-layer LB films,
further investigations will be needed, eg. on the heat-treatment effects. The degree of
CT is an important factor determining the magnitude of SHG effect too, which could be
controlled by changing the donor- or acceptor-ability of each molecule forming
interleaved LB films.  Studies on this line are now in progress.
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