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

On: 20 August 2012, At: 22:14

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

Evaluation of Anisotropic
Photoresponses in Ultrathin Organic
films by a Highly Sensitive Polarized
Optical Waveguide Method

Kyoichi Sasaki ® & Toshihiko Nagamura 2 ®
& Graduate School of Electronic Science and Technology,
Shizuoka University

® Research Institute of Electronics, Shizuoka University,
Crystalline Films Laboratory, 3-5-1 Johoku, Hamamatsu, 432,
JAPAN

Version of record first published: 24 Sep 2006

To cite this article: Kyoichi Sasaki & Toshihiko Nagamura (1997): Evaluation of Anisotropic
Photoresponses in Ultrathin Organic films by a Highly Sensitive Polarized Optical Waveguide
Method, Molecular Crystals and Liquid Crystals Science and Technology. Section A. Molecular
Crystals and Liquid Crystals, 294:1, 145-148

To link to this article: http://dx.doi.org/10.1080/10587259708032268

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,



http://www.tandfonline.com/loi/gmcl19
http://dx.doi.org/10.1080/10587259708032268
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions

Downloaded by [University of California, San Diego] at 22:14 20 August 2012

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.




Downloaded by [University of California, San Diego] at 22:14 20 August 2012

Mol. Cryst. Lig. Cryst., 1997, Vol. 294, pp. 145-148 © 1997 OPA (Overseas Publishers Association)
Reprints available directly from the publisher Amsterdam B.V. Published in The Netherlands
Photocopying permitted by license only under license by Gordon and Breach Science Publishers

Printed in India

EVALUATION OF ANISOTROPIC PHOTORESPONSES IN ULTRATHIN
ORGANIC FILMS BY A HIGHLY SENSITIVE POLARIZED OPTICAL
WAVEGUIDE METHOD

KYOICHI SASAKI’ AND TOSHIHIKO NAGAMURA"™ "

*Graduate School of Electronic Science and Technology, Shizuoka University,
**Research Institute of Electronics, Shizuoka University, Crystalline Films
Laboratory, 3-5-1 Johoku, Hamamatsu 432, JAPAN

Abstract Highly sensitive polarized absorption measurement by the optical
waveguide (OWG) detection system was made to analyze the orientation of
photogenerated radicals in Langmuir-Blodgett (LB) films. The extinction
coeflicient changes upon photoexcitation of specific ion-pair charge-transfer
complexes between two kinds of amphiphilic 4,4’-bipyridinium and tetrakis[3,5-
bis(trifluoromethyl)phenyl]borate were estimated by this system. Amphiphilic
4,4’ -bipyridinium ions in LB films deposited directly on an OWG showed
different anisotropy from those deposited on an OWG covered with three
monolayers of cadmium arachidate. The structure of substituents also affected
the orientation.

INTRODUCTION

Organized monolayers containing ordered chromophores are interesting for their
specific physical properties and a variety of technological application. We have
reported unique photoresponses of specific ion-pair charge-transfer (IPCT) complexes
of 4,4 -bipyridinium salts with tetrakis[3,5-bis(trifluoromethyl)phenyl]borate (TFPB’).
Irradiation of an IPCT band in an inert atmosphere caused photoinduced electron
transfer from a donor TFPB’ to an acceptor 4,4’-bipyridinium ion accompanied by
remarkable colour changes from pale yellow to blue.' Different orientation of
photoinduced 4,4’-bipyridinium radical cations depending on the structure of
substituents was observed in LB films with 120 monolayers by a conventional polarized
absorption spectroscopy.’

The evanescent waves of the optical waveguide (OWG) have been used to
sensitively detect and to characterize adsorbates and the optical properties of thin films *
We applied this method to sensitively detect photoreactions in ultrathin films*
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Recently, we have reported the analysis of optical characteristics of 4,4’-bipydinium
polymer thin films by the highly sensitive OWG polarized detection system* In the
present paper, the orientation of photogenerated 4,4’-bipyridinium radical cations in LB
films with only 1~5 monolayers analyzed by similar method will be reported.

EXPERIMENTAL

TFPB® salts of two amphiphilic 4,4’- cf’\@’cﬂcr,
bipyridinium derivatives with different alkyl RN AR p‘-q)
substituents (HV>, AV?) as shown in " ZTeee ’CF/OW !
. 2 HV?" : R1=R2=C1sHs3 }
Figure 1 were used. LB films of HV® or AV : Ri=C:HiC(OIN(CisHss)z:  TFPE'
AV* in a 1:4 mixture with arachidic acid Re=CaHs
(AA) were deposited on the surface of a AA : CisHCOOH
. 4

thermaly K -exchanged OWG," or on the FIGURE | Structure of bipyridinium
OWG covered with three monolayers of galts (HV>', AV?") and arachidic acid
cadmium arachidate. (AA)

The refractive index profile of the
OWG was assumed as the Gaussian. The  He-Nelaser \ ND
complex propagation constants were
calculated by solving the wave equation
based on the multilayer approximation as  Hg-Xe Lﬂ T

. 5 . . lump
reported previously.” The imaginary part v

of the complex propagation constant o PR

PD
obtained by such calculation causes the (Reference)

PM
‘/(Monitm)

absorption of guided wave. The refractive

index changes of thin films, which were FIGURE 2 Schematic diagram of the
caused by extinction coefficient changes polarized OWG detection system with

upon photoexcitation, were included in this excitation.
calculation.

LB films deposited on the OWG were degassed by a rotary pump in a small
chamber and irradiated with a Hamamatsu 150 W Xe-Hg lamp through Toshiba IR-cut
and L-39 filters (>365 nm). The guided waves of TE; and TM, modes were induced
by introducing a He-Ne laser (632.8 nm) beam whose polarization was rotated by a half
wave plate. The guided waves taken out from the OWG were detected by a
photomultiplier (PM) through a polarizer. The irradiation and polarized OWG
detection systems are schematically shown in Figure 2.
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RESULTS AND DISCUSSION

Specific orientation of many chromophores has been observed in LB films by
conventional polarized absorption, Electron Spin Resonance, second harmonic
generation and other methods. The orientation of photogenerated radicals in LB films
of AV® and HV*" with arachidic acid were also found to be controlled by the
substituents of 4,4’-bipyridinium ions.> From the conventional polarized absorption
method, the orientation angles of photogenerated radicals of HV?*'/AA and AV*'/AA in
LB films with 60 X 2 monolayers deposited on quartz plates were reported as 45°~46°
and 89°, respectively.> The anisotropic orientation in LB films with a few monolayers
can be analyzed with the polarized OWG

=

0.12
absorbance data. If the transition dipole ? +
[V b
moments make an angle & to the surface E +
normal of OWG and their projections on MR ®
2
OWG are randomly distributed, & +
$ °
6=tan' \2k_Jk., (1) £ e
) T ® TE mode
-é & TM mode
= :
where ktg, kv are the extinction coefficients = L L 1

1 3 5
of TE, mode and TM; mode. The Number of monolayers

extinction  coefficient  changes upon o ]

irradiation for LB films of AV*'/AA directly FIGURE 3 Extinction coefficients vs.
] o the number of monolayers for LB films

deposited on the OWG are shown in Figure of AV?"/AA directly deposited on

3. Such changes are due to the formation OWG.

of 4,4’-bipyridinium radical cations which

show  absorption at 6328 nm % [] BV*onOWG
— — — HV* on AA
Considerable differences in the extinction ¢ ok oot AV* on OWG
. 5y == == = 4 AV*onAA
coefficient between TE, and TM, were 3
observed. The orientation angles of 4,4’- in 80
s . _ < I
bipyridinium radical cations in LB films were £ oL -+ —. —a— - — §:
obtained from these data using equation (1) ¥ K PPTS A
as shown in Figure 4. In the case of LB § | © ©
films deposited on the OWG covered with [ , ‘
30
three monolayers of cadmium arachidate, the 1 3 s
Number of monolayers

orientation angle hardly changed with the
number of monolayers, giving the average FIGURE 4 The orientation angles vs.
value of 43.1° for HV?"/AA and 52.4° for the number of monolayers.
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AV?*'/AA systems, respectively. Meanwhile the orientation depended on the number of
monolayers in LB films directly deposited on the OWG. The HV*'/AA system showed
a clear decreasing tendency of orientation angle approaching the value observed for LB
films with 60 monolayers on one side of a substrate. The AV**/AA system seemed to
show an increasing tendency. FT-IR measurements revealed that stearic acid (SA)
molecules in the first layer were oriented almost perpendicular to the substrate and that
those in substrate layers in LB films up to 9 monolayers were tilted®  The observed
orientation angles for 4,4’-bipyridinium radical cations in LB films directly deposited on
the OWG corresponded to such observation for SA.  Since long alky! chains of HV*'
and AV*" are expected to be aligned along AA molecules in LB films, the orientation of
4.4’ -bipyridinium radical cations will be affected by the way how alkyl substituents are
attached to HV** or AV*.  4,4’-Bipyridinium group in HV>" having two hexadecyl
chains symmetrically at its two ends will be oriented parallel to the substrate, while that
in AV>* having two hexadecyl chains at one end and an ethyl group at another end will
be tilted. In LB films with 3 or 5 monolayers, the orientation of 4,4 -bipyridinium
radical cations will be gradually changed according to the orientation change of AA
molecules, which would be similar to SA.

NCLUSION

The extinction coefficient changes of extremely thin LB films of two 4,4’-bipyridinium
salts, HV?'(TFPB"), and AV*'(TFPB"), upon photoexcitation were estimated by highly
sensitive polarized absorption detection system using OWG. These results showed
that both substituents of 4,4’-bipyridinium ions and the nature of substrate surface
affected the orientation of 4,4’-bipyridinium radical cations in LB films with a few

monolayers.
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