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Abstract 

A new model is proposed for the structure of J-aggregates, which are composed of coherent mesoaggregates and 
macroaggregates. This model of hierarchical structure consistently explains all the experimental results obtained for the 
oriented J-aggregates prepared by a vertical spin-coating method, as well as femtosecond nonlinear optical response. 
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The structure of J-aggregates has been discussed 

by many scientists after the discovery of J-aggreg- 

ates, in relation with the excitonic state delocalized 

over an aggregate. An aggregate is supposed to be 
composed of dye molecules aligned in one-dimen- 
sional chain or in a narrow ribbon-like two-dimen- 
sional configuration [ 11. However, such models are 
too simple to explain the spectroscopic properties 
of J-aggregates, and the detailed structure is still 
open to question. A few years ago, a vertical spin- 
coating method was developed by the present 
authors for making oriented J-aggregates dispersed 
in a polymer film [Z]. In the present paper, a hier- 
archical structure of J-aggregate is proposed; 
mesoaggregate and macroaggregate, on the basis of 
concentration dependence of dichroic spectra and 
wavelength dependence of hole-burning efficiency 
[3] of the oriented J-aggregates. 

The aqueous solution of pseudoisocyanine bro- 
mide (PIC-Br) and polyvinylalcohol (PVA) was 
spun on the substrate attached to the shaft of the 
electric motor along the radial direction of rotation 
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by centrifugal force. This vertical spin-coating 
method is described in detail elsewhere [2]. 

Fig. 1 shows the dichroic absorption spectra for 
several samples with various concentrations of dye 
in 80mg PVA. At a weight ratio of 9 mg/80 mg 
(PIC-Br/PVA), a large dichroic ratio up to 10 de- 
pending on the preparation condition is observed, 
which suggests the formation of highly oriented 
J-aggregates. As the weight ratio is decreased, the 
dichroic ratio gradually decreases. At weight ratios 
of 7/80, 6/80, and 4/80, small aggregates randomly 
oriented are simultaneously obtained in a sample 
film, in addition to large J-aggregates well-oriented 
along the direction of solvent flow. 

The dichroic spectra of the oriented J-aggregates 
were separated into two polarization-dependent 
spectra. The former one is sharp and isotropic, 
while the latter has a broad width with a higher 
energy shoulder and is strongly dichroic. An 
oriented film of J-aggregates is composed of the 
small-size coherent aggregates dispersed isotropi- 
tally in the sample and large-scale rod-shaped 
aggregates [2]. The former is called mesoaggregate, 

which is characterized by coherent exciton de- 
localized over the mesoscopic size, while the latter 
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Fig. 1. Dichroic absorption spectra with 9.4.3, and 2 mg PIC in 80 mg PVA 

macroaggregate, which can be oriented by macro- 
scopic centrifugal force of fluid-dynamics. 

The hole-burning efficiency of the mesoaggre- 
gates and macroaggregates at the lower energy 
side of the J-band was obtained to be about 
10m4 from the hole depth [3]. A large relaxation 
rate among the mesoaggregates in a macroag- 
gregate is estimated from the very low (6 lo-‘) 
efficiency at the higher energy side of the J- 
ba:d. Therefficiency at the higher energy side is 
~ w 30 of that at the lower-energy side, if (1000)“” 
the broadening due to shortening of the lifetime 
is also taken into account. The relaxation time of 
the higher energy side of the J-band is then esti- 
mated to be & shorter than that of the lower- 
energy side, which is obtained from the lumines- 
cence lifetime of 40 ps. Hence, the relaxation time is 
estimated to be -1.3 ps. The ultrafast relaxation in 
a macroaggregate on the higherenergy side is due 
to the close packing of the mesoaggregates. This 
1.3 ps lifetime is consistent with 1.5 ps lifetime of 
the femtosecond nonlinear optical response in J- 
aggregates [4]. 

Therefore, a macroaggregate is concluded to be 
an ensemble of mesoaggregates with an inhomo- 
geneous size distribution. Fig. 2 shows a sketch of 
the two types of aggregates. The absorbance 
change due to the Kerr effect is mainly repro- 
duced by the second-order derivatives of the linear 
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Fig. 2. Sketch of the coherent mesoaggregates and oriented 

macroaggregates. The former is characterized by coherent exci- 

tation over the aggregate, and the latter is an inhomogeneous 

ensemble of mesoaggregates. 

absorption spectrum [S]. A large static-dipole 
change was found in mesoaggregates, and little 
enhancement in macroaggregates. The macro- 
aggregate is concluded to be composed of the 
mesoaggregates stacking alternately so as to be 
stabilized by the permanent dipole interaction 
resulting in the cancellation of the static-dipole 
moment. 

In conclusion, the present paper proposes a 
model of the hierarchical structure of J-aggregates, 
which consistently explains all the experimental 
results obtained for the oriented J-aggregates pre- 
pared by the vertical spin-coating method. 
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