
This article was downloaded by: [University of Haifa Library]
On: 17 August 2012, At: 10:34
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

Studies on Aggregation of
Fluorescein Derivatives by
Electroabsorption Spectroscopy
Taeyong Noh a , Takashi Isoshima b , Susumu Funase
a , Takeshi Ogawa c , Tatsuo Wada a b & Hiroyuki
Sasabe a b
a Frontier Research Program, The Institute of
Physical and Chemical Research (RIKEN), 2-1
Hirosawa, Wako, Saitama, 351-0198, JAPAN
b Core Research for Evolutional Science Technology
(CREST), Japan Science and Technology Corporation
(JST), 2-1 Hirosawa, Wako, Saitama, 351-0198,
JAPAN
c Institute de Investigaciones en Materiales,
Universidad Nacional Autónoma de México Circuito
Exterior, C. U., México, DF, 14390, MEXICO

Version of record first published: 24 Sep 2006

To cite this article: Taeyong Noh, Takashi Isoshima, Susumu Funase, Takeshi Ogawa,
Tatsuo Wada & Hiroyuki Sasabe (1999): Studies on Aggregation of Fluorescein
Derivatives by Electroabsorption Spectroscopy, Molecular Crystals and Liquid Crystals
Science and Technology. Section A. Molecular Crystals and Liquid Crystals, 337:1,
373-376

http://www.tandfonline.com/loi/gmcl19


To link to this article:  http://dx.doi.org/10.1080/10587259908023455

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.

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
H

ai
fa

 L
ib

ra
ry

] 
at

 1
0:

34
 1

7 
A

ug
us

t 2
01

2 

http://dx.doi.org/10.1080/10587259908023455
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions


Moi Crysi. and Liq. Crysl.. 1999, Vol 337, pp 373-376 
Reprints available directly from the publisher 
Photocopying permitted by license only 

0 1999 OPA (Overseas Pubhshers Association) N.V. 
Published by license under the 

Gordon and Breach Science Publishers imprint. 
Printed in Malaysia 

Studies on Aggregation of Fluorescein Derivatives 
by Electroabsorption Spectroscopy 

TAEYONG NOH”, TAKASHI ISOSHIMA~, SUSUMU FUNASE~, 
TAKESHI OGAWA‘, TATSUO WADAab and HIROYUKI SASABEab 

“Frontier Research Program, The Institute of Physical and Chemical Research 
(RIKEN), 2-1 Hirosawa, Wako, Sartama 351-01 98, JAPAN, ’Core Research for 
Evolutional Science Technology (CREST), Japan Science and Technology Cor- 
poration (JST), 2-1 Hirosawa, Wako, Suitama 351-0198, JAPAN und ‘Institute 

de Investigaciones en Materiales, Universidad Nacional Autcinarna de Mixico 
Circuito Exterioc C. U. MPxico DF: 14390, MEXICO 

Concentration dcpcndence of linear and nonlinear optical property in a series of di-n-butyl 
fluorescein derivatives was investigated by absorption and electroabsorption measurements, 
in order to examine the aggregativeness of them. It was found that Br substitution prevents 
molecular aggregation which affects the third-order nonlinearity. 

Keywords: molecular aggregation; electroabsorption spectroscopy; tluorcscein dcrivatives; 
third-order nonlinear susccptibility 

INTRODUCTION 

Fluorescein derivatives are chemically stable and thus widely used as 
fluorescence dyes. They are also attracting a lot of attention as nonlinear 
optical materials because of their extended Ic-conjugation. Flexible 
tunability of chemical and optical properties by peripheral substitution 
makes this family model compounds to investigate the structure-property 
relationship. For example, CI substitution at phenyl group introduces 
intramolecular charge transfer which enhances third-order optical 
nonlinearity as already reported’. The peripheral groups also govern the 
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aggregativeness. It is well known that the aggregation affects seriously to 
linear and nonlinear optical properties especially in heavily doped film 
samples.2d In this paper, the influence of halogen substitution to molecular 
aggregativeness is investigated in a series of di-n-butyl fluorescein 
derivatives by means of concentration dependence of electroabsorption 
spectra. 

EXPERIMENTAL 

Films for electroabsorption measurement were prepared as follows. A 

series of di-n-butyl fluorescein derivatives (Fig. 1) were doped in 
poly(methy1 methacrylate) (PMMA) at various concentrations, and spin- 
coated or casted on ITO-coated glass substrates. Semitransparent gold 
electrodes were evaporated on them to form a sandwich structure. AC 

electric field at a low frequency (f= 137.5Hz) was applied normal to the 
film, and 2f component of the light intensity modulation , AI, was detected 
by a lock-in amplifier. This 2fcomponent is proportional to the square of 
applied electric field, F, representing the third-order optical nonlinearity. 
The field-induced change in absorption coefficient, Aa, was obtained from 
transmission change, AM, and Kramers-Krbnig transformation was applied 
to calculate field-induced refractive index change, An, and extinction 

Compounds 

I1 : Xi = Br, X, = X3 = H 
111 : XI = X2 = Br, X3 = H 
IV : XI = X2 E Br, X3= CI 

I : X l = X z = X 3 = H  

v : xi = x* = I, x3 = CI 

FIGURE 1 Molecular structure of di-n-butyl fluorescein 
derivatives investigated in this paper. 
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coefficient change, Ak. Linear refractive index, n, and extinction 
coefficient, k ,  were determined by ellipsometry combined with Kramers- 
Kronig transformation of absorption coefficient, 01. Third-order nonlinear 
susceptibility, x(3)(-w; w, 0, 0), was evaluated from these values, An, Ak. n, 
k ,  and F.4 In order to compare molecular nonlinearity at different 
concentrations, X(3) was normalized by the number density of chromophore 
N, namely X(3)lN. Dilute chloroform solutions at various concentration 
were also prepared for linear absorption measurement to compare with the 
solid state films. 

RESULTS AND DISCUSSION 

In linear absorption spectra, no significant concentration dependence was 
observed in all of the compounds. Insignificant difference in absorption 
spectra between dilute solutions and films suggests rather nonaggregative 
character of this family of compounds. However, in electroabsorption 
spectra, di-n-butyl fluorescein (compound I) showed a significant 
concentration dependence, as shown in Fig. 2 (a). With increase of 
concentration, I m [ ~ 3 ) / N ]  was reduced except for the peak at 465nm. 
suggesting intermolecular interaction due to aggregation, On the other 
hand, concentration dependence in Br and I substituted derivatives such as 
di-n-butyl4',5'-dibromofluorescein (II), di-n-butyl eosin Y (III), di-n-butyl 
phloxine B ( I V )  and di-n-butyl rose bengal (V)  was insignificant, 
indicating no aggregation at up to IOwt% concentration. Fig. 2 (b) shows 
third-order nonlinear susceptibility spectra of di-n-butyl eosin Y (111) as an 
example, showing coincidence of Im[X(3)/N] values on each concentration. 

These results indicate that halogen disubstitution at 4'- and 5'-  
positions (XI) is enough to prevent aggregation. According to the linear 
absorption spectra (not shown), halogen substitution at 4'- and 5'- positions 
(XI)  and at 2'- and 6'- positions (XI) does not affect the electronic structure 
of this series of compounds, except for slight red-shift in the Lax. It is in 
contrast with C1 substitution at phenyl ring (X3) as in compounds IV and 
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FIGURE 2 Imaginary part of normalized third-order nonlinear 
susceptibility, Irn[d3)(w; o, 0, O)”, of (a) di-n- 
butyl fluorescein (I) and (b) di-n-butyl eosin Y @I). 

V, which introduces a charge-transfer transition at the lower energy side of 
absorption band’. These features are useful for molecular design to control 
electronic structure and aggregativeness independently. 
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