
This article was downloaded by: [University of Haifa Library]
On: 20 August 2012, At: 10:42
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

Photoisomeric-Chromophore-
Based Nonlinear Optical
Response for Four Wave Mixing
Chikara Egami a , Yoshiki Suzuki a , Yasuo Aoshima a ,
Okihiro Sugihara a & Naomichi Okamoto a
a Faculty of Engineering, Shizuoka University, 3–5–1
Johoku Hamamatsu, 432, Shizuoka, Japan

Version of record first published: 04 Oct 2006

To cite this article: Chikara Egami, Yoshiki Suzuki, Yasuo Aoshima, Okihiro Sugihara
& Naomichi Okamoto (1998): Photoisomeric-Chromophore-Based Nonlinear Optical
Response for Four Wave Mixing, Molecular Crystals and Liquid Crystals Science and
Technology. Section A. Molecular Crystals and Liquid Crystals, 316:1, 75-78

To link to this article:  http://dx.doi.org/10.1080/10587259808044463

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,

http://www.tandfonline.com/loi/gmcl19
http://dx.doi.org/10.1080/10587259808044463
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions


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.

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
H

ai
fa

 L
ib

ra
ry

] 
at

 1
0:

43
 2

0 
A

ug
us

t 2
01

2 



Mu/.  Crysf. Liy. Crysf., 1998, Vol. 316, pp. 7S-78 
Reprints available directly from the publisher 
Photocopying permitted by license only 

0 1998 OPA (Overseas Publishers Association) N.V. 
Published by license under 

the Gordon and Breach Science 
Publishers imprint. 

Printed in India. 

Photoisomeric-Chromophore-Based Nonlinear Optical Response for 
Four Wave Mixing 

CHIKARA EGAMI, YOSHKI SUZUKI, YASUO AOSHIMA, OKIHIRO 
SUGIHARA, AND NAOMICHI OKAMOTO 
Faculty of Engineering, Shizuoka University, 3-5- 1 Johoku Hamamatsu 432, 
Shizuoka, Japan 

We theoretically and experimentally investigated the photoisomerization of 
azo chromophores and the resulting nonlinear optical response of 
transmission and four wave mixing through the two-energy-level model. 
The rising time constant of the transmission obtained by the model gave 
good agreement with that of the wave-mixing signal. In addition, we tried to 
improve the time response by using photoactive polymers ionic-bonded with 
azo chromophores. 

bywords,  azo chromophore; photoisomerization; wave mixing 

INTRODUCTION 

Azo chromophores have drawn much attention because a light induces their 
photoisomerization, which is potentially useful for photorefractive wave 
mixing"', holographic data storage'", and information processing'3'. The 
chromophore compounds have generally a high optical nonlinearity and/or a 
high polarization sensitivity. 

In this paper we report the photoisomeric nonlinear optical response 
of a methyl-orange (M0)-doped polyvinyl alcohol (PVA) film and a MO- 
ionic-bonded polyallyl amine (PAA) film through a simple theoretical 
prediction of the two-energy-level system and experimental investigations. 
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16 C. EGAMI el ol. 

It is well known that the photoactive chromophores of azo groups undergo 
reversible trans-cis photoisomerization, and this allows the photoactive units. 
We used azobenzene derivatives and polymer matrices as a sample. In 
addition to the change in optical absorption characteristics, the trans and cis 
isomers have different molecular shapes. These induced geometric changes 
in the photoactive groups may invoke variations in the optical properties of 
the matrix material. If any mixture of the two isomers is irradiated with 
visible light, the composition changes with time, approaching 
asymptotically the photostationary composition. By using the two-energy- 
level model proposed in Ref[4] the temporal transmission of a film with 
thickness L can be written 

B 
A 

crT N,, + (a, - aT)-(l - exp(- 

where 

@ and @ are the quantum yields from the trans to cis isomer and fiom the 
cis to trans isomer respectively, u and u are the respective absorption 
cross sections for two isomers respectively, K is the thermal reaction 
constant from the cis to trans isomer, and I is the pump beam intensity. 
Suppose that the azo chromophores stay in the biradical excited energy state 
only in a short time, we can approximate the total number of two isomers 
per unit volume as constant No. The rising time constant of the photoinduced 
transmission after the intense beam exposure is given by 

1 

Suppose that the response of the nonlinear transmission in the resonant 
wavelength region of the photopolymer mainly contributes to that of the 
four wave mixing (FWM) signal, the rising time constant of the FWM is 
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PHOTOISOMERIC-CHROMOPHORE OPTICAL RESPONSE I7 

calculated by taking double logarithms of the temporal development of the 
signal. 

FWM in G F  
We focus attention on the time response for the FWM in a guest-host 
polymer film. The MO-doped PVA film with 100 p m thickness was used 
as the photoactive guest-host-type polymer. Fig. 1 shows the pump beam 
intensity dependence of the rising time constant of the nonlinear 
transmission and the FWM. The time constant of the transmission was 
estimated by fitting the temporal data to Eq. (1). Also, the time constant of 
the FWM signal was calculated by taking double logarithms of the signals 
This experiment was performed by Ar+ laser ( A =514.5 nm) for the film of 
the absorbance a: ,L = 2.1, where a: ,, is the linear absorption coefficient 
As predicted in Eq. (2) the increase in the pump intensity resulted in the 
linear decrease in the time constant. The time constant of the FWM gave 
good agreement with that of the nonlinear transmission through the simple 
theoretical prediction of two-energy-level system. This result indicates that 
the photoisomeric absorptive nonlinear response mainly contributes to the 
mechanisms of the FWM. 

b!2 0:4 0:6 6.8 I:O 112 i.4 i.6 l 8  
Pump beam intensity (W/cm2) 

FIGURE 1 Pump beam intensity 
dependence of rising time constant. 

FIGURE 2 Chemical structures 
of MOPAA. 

The chemical structure of the MOPAA polymer composite is shown in 
Fig. 2. In this polymer system the chromophore is weakly combined with a 
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FIGURE 3 Infrared absorption spectra of (a)PAA, (b) MO, 
and (c) MOPAA. 

main chain by an ionic bond. The semi-fixed structure of chromophores 
allows the wave-mixing signal to make a quick response. In order to 
investigate the structure of the chromophore-ionic-bonded polymer we 
measured the infrared absorption spectrum of the MOPAA film. The 
respective spectra of PAA and MO are illustrated in Figs. 3(a) and 3(b) 
respectively. The well known characteristic absorption peaks are 2919 cm" 
of NH,' in PAA, 1040 and 1200 cm-' of SO; in MO. Three characteristic 
peaks shifted to the small wavenumber in the MORAA film (see Fig. 3(c)) 
This result proved that MO as a side chain was ionic-bonded with PAA as a 
main chain. 

We measured the rising time constant of the FWM signal in the 
MOPAA film. The time constant of the signal, for example, was 0.35 sec 
for I = 0.4 W/cmZ and the absorbance a J. = 2.1 at ;1 = 5 14.5 nm. The 
improvement in the time response by more than one order of magnitude was 
obtained by weakly combing the chromophores with main chains 
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