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Theoretical Study on Near-Resonant Third-Order 
Nonlinear Optical Properties (7) of Dendritic 

Molecular Aggregates: Intermolecular-Interaction 
and Relaxation Effects on y 

HARUNORI FUJITA, MASAYOSHI NAKANO, MASAHIRO 
TAKAHATA, SHINJI KIRIBAYASHI and 

KIZASHI YAMAGUCHI 

Department of Chemistry, Graduate School of Science, Osaka University, 
Toyonaka, Osaka 560-0043, Japan 

Second hyperplarizability (y) of dendritic molecular aggregate @25) is calculated 
using a mupleddipole model in the Markoff appmximation. At the near 
resonant region, i n t e rmolecu la r - in  and relaxation effects on yare found to 
remarkably change the yvalue. 

&m~& hyperpolarizability; dendrimer, exciton; aggregate.; n e a r - m m ;  
Markoff appmximhon; dipoledipole &emtion 

LNTRODUCTION 

Recently, supramolecules called dendrimers, which have highly branched fhctal 
architectures, have attracted much attention because of their light harvesting 
ability: they absorb light at their periphery and transfer the photon energy fiom 
the periphery to the core efficiently. It is reported that there are two primary 
origins of this behavior. One is their structural specificity: x-electron conjugation 
between each generation is decoupled since each generation is linked with each 
other at the meta-branching point (phenyl The oher is the fkt that the 
relaxation occurs among the exciton states. Although the light-harvesting 
ability of dendrimers is actively studied, there have been few reports on other 
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15a.u. 
15a.u. 

*L 
FIGURE I S m  of dendritic molecular i w q t t e  DZ. The hwsition energy and transition 

mment of a mmma an? assumed to be 38000 Cm" and S.OD, tes@veIy. 'Ihe 
intenmlecutdis$nce isaMlmedtu be 15au. 

pmpe&s such as nonlinear opticalpmperty. Therefore, we investigate the 
mimscopic third-order nonlinear optical (NLO) property,  i.e., second 
hyperpkbability (y), of a dendritic aggregate, which mimics the fractal 
shuctm and the light- harvesting behavior of a dendrimer. In our previous 
paper~,[~'l although the features of y of dendrite molecular aggregates in the off- 
resollant region were discussed h m  the viewpoint of the intermolecular- 
interacton and the relaxation effects, these effects were found to be negligibly 
small. In contrast, in the near-mnant region, these effects are expected to be 
okrved remarkably. We therefore consider the near-mnant region to elucidate 
a structue-pperty relation of y for dendritic systems. 

CALCULATION METHODAND AGGREGATESTRUCWFW 

A model -ate (Fig.1) is composed of two-state dipole units coupled by the 
dipole-diple interaction. We firstly construct Hamiltonian for this aggregates: 
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we calculate polarizationp(t). Here i rp(t )  is a relaxation term in the Markoff 
approximation. Using the external field amplitude E(w) and the Fourier 
transformed polarizationp(3w), y is calculated by the following equation: 

P ( 3 0 )  y(-30;w;w;w) = - 
27c3(w) ‘ (3) 

In this study, we focus on a dendritic molecular -ate D25 (Fig.1). Two- 
exciton model is adopted since two exciton states are at least necassuy for 
describing the virtual excitation processes of y!q We consider three types of 
aggregates (A, B and C): (A) involves both intermolecular-interntion and 
relaxation terms, (B) involves only intermolecular-intedon, and (C) doesn’t 
involve neither intermolecular-interaction nor relaxation term. The relaxation 
effect can be elucidated by the comparison of (A) with (B), and the 
intermol&-inkraction effect is elucidated by the comparison of (€3) with (C). 
The fresuency of electric fields is taken to be 37950cm-’, which is close to the 
highest exciton state which has the largest bansition moment. 

RESULTS AND DISCUSSION 

The y value of each aggregate is given in Table 1. It is clear that there are 
pronounced dif€iices in the values of yamong these aggregates. The effects of 
intermolecular-inkdon and relaxation are given in Table2. It is found that the 
effect of intermolecular-interaction decreases y, while the relaxation effect 
allowed exciton states except for the highest allowed exciton state, the y value 
becomes negative in sign. For the systems without relaxation (B and C), the y 
values tend to diverge at the resonance point. In contrasf including the relaxation 

IABLE 1 y values [au.] of three types of dendritic aggregates. (A) involves both intamolecular- 
interadion and relaxation terms, (B) involves only the intamohlar-intawion term, 

and Q doeslt involve neither intaadion n o r m  tam. 

Agsregatetype (A) (B) (c> 
Y -37771x104 -8.3994XlO’ 4.7781X109 

W L E  2 Effects of intermohlar-mkaadbn and relaxation on Y lad 
Intemol&-inkraction Relaxation 

Contribution -4.862 1 X 1 O9 8.3956X lo’ 

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
C

al
if

or
ni

a,
 S

an
 D

ie
go

] 
at

 2
3:

25
 1

5 
A

ug
us

t 2
01

2 



264 H. FUJITA ef a/. 

term, system (C) exhiiits a broad specaum of y, so that in the near resonant 
region, system (A) exhibit much d e r  I y I than systems (B) and (C). 

SUMMARY 

In this study, we investigated the cham&mt~ * 'a of y for the dendritic molecular 
aggregate D25. Both relaxation and htemolecular-intemction effects are 
shown to dramaticaIIy change fhe near-rwnant y values. These remarkabIe 
effects m predicted to be unique for dendritic aggregates with a fractal struchlre 
since such fractaldimensid system possesses a multi-step allowed exciton 
state. For example, the relaxation effects in one- and two-dimensional systems are 
predicted to exhibit moderate changes of y S i  such system possess almost 
only one allowed exciton state. The pnzient results suggest the existence of a 
novel relation between architechnr: and NLO property for the fractaldimensional 
system The investigation of NLO p r o p e h  for other dendritic aggregates and 
dendrimers are now in p r o p  in OUT laboratwy. 
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