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Development of Carbazole Photorefractive
Materials

WH R E e s AL

Recently a large number of organic photorefractive materials, especially amor-

phous materials, have been developed based on polymeric composite approach,

fully functional polymer approach and multifunctional chromophore approach.

Among these organic photorefractive materials, carbazole derivatives exhibit

high performance of the photorefractive effects. The carbazole building blocks

with a charge transporting function or multifunction play very important role and

have been widely used in the molecular design approach to new organic photore-

fractive materials such as amorphous multifunctional chromophores, amorphous

monolithic chromophores and amorphous dendrimers.

1 Introduction

The refractive index change (photorefraction)
of the materials can be caused by many mecha-
nisms when light is transmitted through the cer-
tain materials. Most of these mechanisms gener-
ally lead to irreversible photorefraction process.
However, some of them are really reversible pro-
cesses which are very important for many poten-
tial applications.[!:[Z Reversible photorefraction
process in the materials is attributable to several
microscopic mechanisms such as space charge
field induced photorefractive effect, photodimer-
ization, photoisomerization, thermo-optic effects
and photoinduced inter- or intramolecular struc-
tural change.[*[ In the case of the space charge
field induced photorefractive effect, the spatial
modulation of refractive index occurs uniformly
in the material in response to an optically in-
duced charge distribution. Therefore among var-
ious mechanisms mentioned above only the space
charge field induced process can cause a phase
shift between the refractive index grating and the
light intensity pattern. This phase shift leads to
an energy transfer between the two light beams

interfering in a photorefractive medium.

The space charge field induced photorefrac-
tive effect was firstly observed by Ashkin et
al.l”l in 1966 in the inorganic electro-optic crys-
tal LiNbOj.
torefractive effect has been found in a large

After this discovery, the pho-

number of inorganic materials!!216L{7) such as
KNbO3, BaTiO3, Bi12SiO20(BSO), Bi2GeOg
(BGO), GaAs, and InP:Fe. Based on these pho-
torefractive crystals, various types of optical de-
vices have been developed for applications includ-
ing high density optical data storage, optical im-
age processing, dynamic hologram, optical com-
puting, phase conjugated mirrors, etc.®~[10

In 1990, the first observation of the photore-
fractive effect in an organic doped crystal was

12l However, the

reported by Sutter et al.[l1}
growth of high quality organic single crystals is
a very difficult task. In 1991 IBM group re-
ported amorphous polymers based on a guest-
host system.!*3] Amorphous organic photorefrac-
tive materials can offer many advantages over
the photorefractive crystals, such as large opti-
cal nonlinearities, low cost, low dielectric con-
stant, structural modification flexibility, ease of

fabrication and so forth. Compared with inor-



ganic photorefractive crystals, the low dielectric
constant of organic materials is one of the im-
portant reasons for pursuing the development of
organic photorefracive materials. A useful figure
of merit for photorefractive materials can be de-
fined as @ = n®r. /e, where n is the refractive in-
dex, r. the effective electro-optic coefficient, and
¢ the dc relative dielectric constant. Thus @ is
approximately measured the ratio of the optical
nonlinearity to the screening of the internal space
charge distribution caused by the medium polar-
ization. In inorganic materials, the optical non-
linearity is given mainly by the large ionic po-
larizability. The electro-optic effects due to the
space charges in inorganic crystals appear to be
limited, because any increase in the electro-optic
coefficient of a material is effectively counterbal-
anced by an increase in the corresponding dielec-
tric constant. Therefore, @ value remains low in
most of inorganic crystals. For organic materi-
als, on the other hand, the electro-optic nonlin-
earity is a molecular property arising from the
asymmetric distribution of electronic charges in
the molecular ground and excited states.['¥] For
this reason, in organic materials large electro-
optic coefficients are not accompanied by large
dc dielectric constants, thus a potential improve-
ment in the performance of the photorefractive
effects can be achieved by a suitable and reason-
able molecular design.

It is well known that the single crystal growth
is generally an expensive and difficult process.
This is really a serious factor to be considered
when attempting to engineer the properties of
single crystal by the modification of crystal struc-
ture and/or constituents to include desired func-
tionalities for the materials. On the other hand,
the photorefractive properties of amorphous or-
ganic materials may be improved by both chem-
ical and physical modifications. Amorphous or-
ganic materials are generally more amenable to
be processed into a device structure with large
area and useful geometries by the simple coating
and other methods.

In this review, the recent progress of organic
photorefractive materials with carbazole func-
tional moieties are summarized. Following a
brief introduction to necessary functional com-
ponents for molecular design approaches to or-
ganic photorefractive materials, the new molecu-
lar design approach based on carbazole building
blocks, e.g., carbazole multifunctional conjugated
trimers, carbazole monolithic conjugated trimers
and carbazole dendrimers will be presented.

2 Necessary Functional Com-
ponents for Photorefrac-

tive Design Approaches

To be photorefractive, a material must have
the following necessary processes: a charge gen-
eration, a charge transporting and trapping, and
an electro-optic response. When a light is inci-
dent on a photorefractive material, if the incident
light is not uniform in intensity, photogenerated
charges will migrate through the transporting
component from the illuminated area to the dark
area, where these charges get trapped by trap-
ping centers. The resulting charge redistribution
creates the space charge fields in the material.
These fields produce measurable changes in the
refractive index through the linear electro-optic
effect in noncentrosymmetric materials. This
mechanism of the photorefractive effect is sum-
marized from the considerable body of prior work
on the inorganic photorefractive crystals.['® The
formative process of the refractive index grating
in organic photorefractive materials is similar to

that of the inorganic crystals.{16]-{18]

According to the requirements and the mecha-
nism of the photorefractive effects, photorfrac-
tive materials must have two main functions,
i.e., photoconductivity for the establishment of
a space charge field and the linear electro-optic
effect for the formation of a refractive index grat-

ing. Photoconductivity in organic materials con-



sists of photocharge generation and charge trans-
porting processes. In amorphous organic pho-
torefractive materials, photocharges can be in-
duced by addition of appropriate sensitizers, like
organic dyes; generated charges can be trans-
ported through the hole transporting component,
like carbazole and triphenylamine; the defects
in the material play a role of traps for these
charges. Second-order nonlinear optical chro-
mophores can provide the linear electro-optic ef-
fect when the dipole orientation of chromophores
is achieved by an applied electric field. Thus
the multifunctionality of organic photorefractive
materials can be easily achieved by two molec-
ular design approaches: the guest-host compos-
ite approach!*®l:[17] and the fully functional poly-
meric material approach.!'® Most of the reported
amorphous photorefractive materials were based
on guest-host composite system using a second-
order nonlinear optical polymers, a charge trans-
porting polymer, or an inert polymer as a host
doped with other corresponding necessary func-
tional components.[16:171 Recently, bifunctional
chromophohes combined both charge transport-
ing function and electro-optic function doped in
inert polymers have also been reported.!16:17]
The composite materials approach has the ad-
vantage of ease optimization for the multifunc-
tionality by independently varying the nature
and concentration of each component. However,
there are inherent problems of phase separation
in these doped systems which limits the concen-
tration of active moieties. In order to overcome
this problem, fully functional polymers contain-
ing all necessary functional groups either in the
polymeric main-chain or in the side-chain have
the desirable advantage of long-term stability
and minimized phase separation.['8] However, the
time-consuming chemical synthesis and difficulty
in rational design are inevitable challenges. More
recently, amorphous multifunctional and mono-
lithic chromophore approaches to photorefractive
materials have also been developed.!'9~([21] These

approaches can result in non-polymeric support-

ing photorefractive materials.

3 Carbazole Photorefractive

Composite Materials

Most of organic photorefractive materials re-
ported so far are host-guest polymeric compos-
ites. To break the centrosymmetry of the mate-
rials and to obtain a macroscopic electro-optic re-
sponse, the second-order nonlinear optical chro-
mophores are oriented by applying an electric
field.[18-17] The efficiency of the poling process
is strongly dependent on the orientational free-
dom of the second-order nonlinear optical chro-
mophores: At temperatures below Ty, the poly-
mer chains are frozen-in and the orientational
mobility of the chromophores is very low. As
the temperature is raised close to Tg, the orien-
tational freedom of the chromophores increases,
allowing an effective poling. When large amounts
of chromophores are doped in PVK, the Ty of
PVK (200 °C) is substantially lowered, which is
desirable, since then the chromophores can be
oriented even at room temperature. Recently a
high performance of the photorefractive effects
(near 100% diffraction efficiency for the read-
out of a hologram as well as more than 200
cm~! net two-beam coupling gain) have been
observed in some composite materials based on
PVK charge transporting polymers.[22:[23] This
was caused by an increase in the orientational
mobility of chromophores due to lowing of T,
resulting in a higher net alignment and hence a
larger electro-optic effect. Moreover, in such sys-
tems, the chromophores are reoriented under the
influence of the space charge field.[?%] In this way,
a number of polymeric composites with excellent
performance, which approaches or even exceeds
that of existing inorganic materials, have been
reported.[161:(17]

To date, among organic photorefractive ma-
terials, PVK:DMNPAA:ECZ:TNF composite is

best photorefractive polymeric material. How-



ever, there are inherent problems of phase sep-
aration in this highly doped system of func-
tional components. In order to improve the long-
term stability of this high performance photore-
fractive composite system, two approaches have
been tried. First, a racemic ethylhexyl group
has be incorporated to azo chromophore.!?? Sec-
ond, the eutectic mixture of the two isomeric azo
chromophores, DMNPAA and 3,5-dimethyl-4-
(p-nitrophenylazo)anisole (3,5DMNPAA), could
considerably improve a shelf life time.[?6! Devices
using this eutectic mixture composite remained
clear for over one year under arbitrary laboratory
conditions. The internal performance of these
improved materials was found to be comparable

to the best materials previously known.
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Fig.1 Chemical structures of multifunctional poly-
mers with carbazole functional moieties for photore-

fractive materials.

4 Carbazole Multifunctional

Photorefractive Polymers

Many types of multifunctional functional poly-
mers have been developed for photorefractive ma-
terials in an effort to further minimize phase seg-
regation. Among these polymers, polymers con-
taining carbazole moiety as a charge transport-
ing agent, bifunctional chromophores or mono-
lithic multifunctional chromophores have been
reported.?71-131 Some of multifunctional poly-
mers with both electro-optic and charge trans-
porting moieties must be doped with suitable
sensitizer. However, phase separation can not
observed owing to very low concentration of the

dopants.
The first fully functional photorefractive poly-

mer was developed based on carbazole moieties
(as shown in Fig.1a)[?" in 1992. In this poly-
mer, some of the carbazole groups were tri-
cyanovinylated. Carbazole substituted with tri-
cyanovinyl group acted as two functions: second-
order nonlinearity and photocharge generation.
Carbazoles without acceptor group could offered
a charge transporting function. Its photocon-
ductivity of 9.8 x 1071 Q~lem™! and electro-
optic coefficient of 6.1 pm/V were obtaind. Ab-
sorptive and photorefractive gratings have been
evidenced by four-wave-mixing experiments and
electro-optic measurements.!?®! The photorefrac-
tive gratings are studied by the electric-field de-
pendence of the diffraction efficiency. The ab-
sorptive effect due to permanent photobleaching
is dominant in the absence of any external elec-
tric effect for this polymer. The dynamics of the
erase-write behavior of gratings was also stud-
ied on this polymer. Due to low mobilities, the
material has a slow speed. However, it is be-
lieved that the mobilities can be increased and
absorptive grating can be avoided by using some
suitable sensitizers and more long wavelength of

a laser.

PMMA-like polymer (as shown in Fig.1b)



DCVANMA:CzEtMA:EA (2:5:3)1?% doped with
2.3 wt% of TNF for photorefractive materials has
also been reported. In this system, carbazole can
form charge transfer complex with TNF. This
complex shows a photogeneration function at a
wavelength of 633 nm due to its optical absorp-
tion. Diffraction efficiency was on the order of
1078, and the change of the refractive index was
reversible in this polymer system. It was found
that the observed photorefraction was mainly due
to the molar refraction change of carbazole moi-
ety caused by photoinduced ionization. This is
an evidence that trapped ion radicals formed the
gratings in the polymer, which is necessary for
the real photorefractivities.

Another low T, polymer PENHCOMP based
on PMMA structure doped with 0.2 wt%
of TNF has also been developed. In this
polymer, 4-(N-ethyl-N-(hydroxyethyl)amino-4’-
nitrostilbene was used as a second-order non-
linear optical chromophore, whereas a carbazole
moiety as a charge transporting agent. In or-
der to obtain copolymer with a low Ty, the long
aliphatic octyl group was attached as a side chain
plasticizer. The ratio of the function X:Y:Z is
17:30:53 (Fig.1c). This material showed an ab-
sorption coefficient of 25 cm~! at a wavelength
of 633 nm. A four-wave mixing diffraction ef-
ficiency of 0.9% and a two-beam coupling gain
coefficient of 7.5 cm™! have been obtained at an
electric field of 100 V/um.

More recently, polymers containing a single
multifunctional carbazole chromophore (e.g., as
shown in Fig.1d) have been obtained in our
laboratory.[®!l In the polymer 1d, the carbazole
substituted with two acceptor groups exhibited
multifunctional properties. The carbazole chro-
mophores lie parallel to each other, ”shoulder-to-
shoulder”. In this arrangement the dipole align-
ment is easier to be achieved by applying electric
fields than in structures where dipole moments
are pointing along the polymeric main chain. T,
was strongly dependent on the lenght of the alkyl

spacer between the carbazole chromophores and

of the alkyl group on the 9-position of the car-
bazole ring. It could be controlled in the range
from 35 to 87°C. Among these carabzole main-
chain polymers, the polymer with a relatively
low T, enables photorefractive measurements at
room temperature. These carbazole main-chain
polymers were proved to be both photoconduc-
tive and electro-optic active.l3? The photorefrac-
tive properties of the carbazole main-chain poly-
mers were studied by four-wave mixing and two-
beam coupling techniques. The two-beam cou-
pling gain of 14 cm™! was obtained at an applied
electric field of 23 V/um, with an absorption co-
1

efficient of 8 cm~ The photorefractive gain

at this electric field was larger than the absorp-

1 was ob-

tion coeflicient. A net gain of 6 cm™
tained from the carbazole main-chain polymer.
A diffraction efficiency of about 1.5% was also

obtained at same electric field.

Carbazole main-chain polymers with side func-
tional moieties (as shown in Fig.1e) exhibit more
efficient photorefractive effects!*3 compared with
corresponding carbaole main-chain polymer.3!]
It was found that the polymer with carbazole
moiety as a charge transporting functional side
group showed net two-beam coupling gain of
about 45 cm~! and diffraction efficiency of 2.5%

at an applied electric field of 23 V/um.

J.\,

. Second-order nonlinear optical moiety
. Charge transporting moicty

' Photosensitizer moiety

COFWY Piascic chain

Fig.2 Molecular design approach to amorphous non-

polymer photorefractive materials.



Carbazole main-chain polymer with second-order
nonlinear optical chromophore as an electro-optic
functional side group exhibited photorefractive
effects without poling electric field due to the
thermal induced orientation of second-order non-
linear optical chromophore. The film prepared by
thermal casting has been demonstrated to exhibit

second-order nonlinear optical response.

5 Carbazole Photorefractive

Chromophores

5.1 Design approach

Since the carbazole molecule has an isoelec-
tronic structure with diphenylamine, the intro-
duction of electron-withdrawing groups in the
3- and/or 6-position induces an intracharge-
transfer and a mesomeric dipole moment. De-
pending on the electron-affinity of acceptor
groups, polarizabilities of carbazole derivatives
can be tuned by the proper molecular design of
the substituent groups.*¥ Acceptor-introduced
carbazoles have been considered to be very
promising for the second-order nonlinear optical
chromophores.[3:136] Besides the 3- and 6- posi-
tion substitution, N-substitution (9-position) of-
fers various function to chemical modifications:
solubilization and amorphism by different length
of alkyl chain,®7}(38] control of noncentrosym-
metric packing in the crystalline state through
hydrogen bonding.[39

Development of bifunctional chromophores is
the first approach to try to develop one chro-
mophore with more than one functions.[40:[41]
High performance of photorefractive effects has
obtained from this design approach. These
chromophores provide two main functions, such
as electro-optic activity and sufficient charge
transport properties for photorefractive behav-
ior. They also provided a charge trapping ca-
pability which allowed the first demonstration
of truly long-lived gratings in a photorefractive

polymer, quasi-nondestructive readout.4?

Recently we have developed fully amorphous
chromophores for photorefractive materials.[201:[43]
These chromophores were synthesized based on
carbazole building blocks. The design approach
is shown in Fig.2. The chromophores combin-
ing photoconductive and electro-optic functions
are plasticized by introducing some suitable flex-
ible alkyl chain. The introduction of differ-
ent alkyl chains can provide us amorphous com-
pounds with a controllable T,;. According to
this design idea, amorphous carbazole conjugated
oligomers and amorphous carbazole dendrimers
have been developed for photorefractive mate-
rials. Conjugated carbazole structure was used
to design the photorefractive materials owing to
excellent charge transporting properties and rel-
atively high carrier mobility in the conjugated

carbazole polymers and oligomers.[*4]

One of our design targets is to develop mul-
tifunctional chromophores and monolithic chro-
mophores based on carbazole building block by
chemical modifications. We try to find the way
to design photorefractive materials like design
of second-order nonlinear optical chromophores.
Some successful examples from our design idea
will be demonstrated hereafter.

H3C(H2G)a (CH2)13CH3
N N
A AN Y 4 A
N
(CHz)13CHg

NO, NO,
H CN H COOCH; H H
A: Y= . —NO; = >—§— ==
CN > 3 CN ; CN H

N

Fig.3 Chemical structures of conjugated carbazole

trimers.



5.2 Amorphous carbazole trimer as
a monolithic photorefractive chro-

mophore

A novel multifunctional conjugated carbazole
trimer with nitro acceptor groups (as shown
in Fig.3) is a first monolithic photorefractive
chromophore. It was found that this trimer
doped without any other functional components
showed an efficient photorefractive effect.l%! In
this trimer, three carbazole rings are linked each
other by acetylene bond and both side carbazoles
are substituted with nitro group. A nitro substi-
tuted carbazole trimer displays suitable absorp-

! at a wavelength of

tion coefficient of 8.2 cm~
532 nm. This trimer was demonstrated to be
both photoconductive and second-order nonlin-
ear optically active. The orientation of the chro-
mophores can be achieved by an electric poling
and proved by means of a second harmonic gen-
eration (SHG) technique at room temperature
due to its low T, of 20°C. SHG experiment was
carried out on the same sample for the photore-
fractive measurements at the fundamental wave-
length of 1064 nm in a transmission mode. With
no electric field applied, the SH intensity could
not be observed as a result of the centrosymmet-
ric random arrangement of chromophores. Fig.4
shows the angular dependence of the SH intensity
at a poling electric field of 23 V/um. The photo-
conductive properties were studied on a sample
sandwiched between an ITO and a gold coated
glass substrates at a wavelength of 532 nm. The
photocurrent was almost independent of the laser
intensity, but strongly dependent on the applied
electric field. The photoconductive sensitivity of
the carbazole trimer with nitro group was mea-
sured to be 1.2 x 107! cm/NW at an external
field of 39 V/um. No detectable dark conduc-
tivity was observed. It was found that upon the
exposure to the light the photocurrent increased
rapidly with a time constant < 0.1s due to large

carrier mobility of the carbazole trimer.

0.7 [~ ———————————

SH intensity (a. u.)

-56 -28 0 28 56
Incidence angle (deg.)

Fig.4 The SH intensity of carbazole trimer with nitro
group as a function of incidence angle at an applied
electric field of 23 V/um.

The photorefractive properties of the trimer
were characterized by a two-beam coupling and a
four-wave mixing. In two-beam coupling experi-
ment, an asymmetric energy transfer between the
two beams was observed when an electric field
applied. This provided a proof that a true pho-
torefractive effects is present.[?] Figure 5 shows a
typical asymmetric behavior for monolithic car-
bazole trimer at an applied electric field of 33
V/um. The two-beam coupling gain coefficient
could be estimated from the asymmetric energy
transfer. It increases monotonously with the ap-
plied electric field as shown in Fig.6. At the
applied electric field of 33 V/um, the photore-

1

fractive gain of 35.0 cm™" was obtained. Since

the absorption coeflicient for this trimer was 8.2
cm~ !, the net gain coefficient became 26.8 cm™!.
An applying electric field plays an important role
to enhance the photorefractive effects because of
a better alignment of second-order nonlinear op-
tical chromophores and higher photoconductivity
at higher electric fields. If the external electric
field is not applied during ‘writing’, no detectable
gratings are observed due to the centrosymmetric
random alignment of second order nonlinear opti-
cal chromophores. Four-wave-mixing was used to

determine the steady-state diffraction efficiency



of the carbazole trimer. Figure 7 shows the ap-
plied field dependence of the diffraction efficiency.
At 33.3 V/um, the diffraction efficiency reached
13.2%. Optical image reconstruction of distorted
images using phase conjugated was demonstrated

in this monolithic photorefractive material.
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Fig.5 The intensity of beam 1 (upper trace) moni-
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5.3 Carbazole dendrimers

The development of the materials with new
chemical structures for photorefractivity is an ex-
tremely active field.'8L(17) In order to develop
new amorphous molecules with good modifica-
tion flexibility, dendrimer structure has been se-
lected as a molecular design approach to pho-
torefractive materials. Dendrimer structures has
several advantage for design of photorefractive
materials: 1) dendrimers are amorphous, 2) core
and different generation can be modified as dif-
ferent functions for meeting the multifunctional
requirement of photorefractive materials, 3) dif-
ferent dendron with different functions can also
meet the multifunctional requirements. Such
dendrimers are expected that their unique spher-
ical structure will impart unusual properties.

Several dendrimers with mono-acceptor
substituted carbazoles as the multifunctional
chromophores have been synthesized in our
laboratory.[*] These carbazole starburst oligomers
have a film-forming property and show a glass
transition behavior. Values of T, could be con-
trolled by the length of spacer, the number of
carbazole rings or acceptor groups. Amorphous
molecular solid films could be prepared with-
out supporting matrix by spin-coating. These
thin films could be poled at above Ty to achieve



the noncentrosymmetric alignment of molecular
dipoles required for an electro-optic response.
Second-order nonlinear optical responses were
examined on the thin films by SHG. The values
of the second-order nonlinear optical coeflicients
(d;;) were strongly dependence on the acceptor
groups. The chemical structures and d,; values
are summarized in Fig.8. Photoconductive prop-
erties of this dendrimer system have been exam-
ined by means of a xerographic discharge tech-
nique. It is clearly confirmed that these molecu-
lar systems have multifunctional properties, i.e.,
both photoconductiveity and second-order non-
linear optical responses. Two-beam coupling ex-
periment on dendrimer with carbazole substi-
tuted with dicyanovinyl indicated that the in-
duced index grating is shifted by 90° with re-
spect to the interference pattern. This phase
shift, or nonlocal nature of the photorefractive
effect, gives rise to an asymmetric energy trans-
fer between the two writing beams, which does
not occur in any of other processes. The two-

-1

beam coupling gain of 11.8 ¢cm™" was obtained

for this dendrimer at a applied electric field of
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Fig.8 Chemical structures and d;; values of carbazole

dendrimers.

6 Summary and Outlook

Considerable progress has been made in both
the understanding of photorefractive origins and
the molecular design of amorphous organic pho-
torefractive materials. Many organic amorphous
materials with low cost and ease of fabrication
exhibiting larger figure-of-merit than inorganic
crystals have been developed. However, before
amorphous organic photorefractive materials can
be considered for practical applications, many of
the limitation issues should be solved. Develop-
ments of new material systems with optimized
photorefractive properties and fabrication feasi-
bilities remain as a major challenge for chemical
research work.

Almost all amorphous organic photorefractive
materials reported must be treated with a pol-
ing procedure to induce photorefractive effects.
Therefore, this high electric field must limit prac-
tical device applications of these materials. Novel
high performance materials without applied elec-
tric fleld or with low driven electric field are
needed for applications. Several successful exam-
ples of photorefractive materials, such as high T,
polymers(®3] sol-gel composite material,[*’l and
amorphous dendrimer,[*?! have been reported
and demonstrated to display the photorefractive
effects at a driven electric field of zero.

In low T photorefractive materials reported,
the high performance of photorefractive ef-
fects mainly come from the contribution of
orientation-induced birefringence. Following the
application requirements, the materials with pho-
torefractive effects contributed by electro-optic
effects might be a promising candidate for ap-

plications.
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EBONE—-L AENFERICEATSZ EICRIIL TV, RBXTIE,
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TER G ESB LU HEREO REEEIC OV THEL 72
HERETHRET S,

2 NZHLRFYMNT—UEEE
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TN K K ZEENIC R AE L 72 &0 BRI
IV HREMSNTV S, NKEZ DO L OF
)T —BRPICORIEE A LT ENIT, B

EToXKEOBEMIE VNI LKA Y b T—
IEERHOEBESEONLEEZLR DL, W1
(a) \ORT MBS ST (Lac-polymer®) % 3L
LI E LTHWW/OL YLy a v 2HRBL, HN=
HLRA Y FT— 7 HEEEFFOHEBEOER Y KA
72 Lac-polymer i3 BR¥EIE D =\ JJF# I L E R
HOTREY R KRMIC BT TS 2 & ATBLIC
oI SR TWwBE,

W/O L)V 3 ~id Lac-polymer ¥ (1 ;
NyE¥Y X)) 7= 04 mg/mL) (ZEHK
EOMEETHEL 2, I ARK EICEBAL 72
IRV a i (A0ul) ST VT Uy H ARKRE
3T, 7AWV A2 ER L7z, b a3y DK
DEHEDN25 RV/VUEDEE, 2y b7 —2
WESER SN %S, (K1 (b)) Lac-polymer &K
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ZFOERERE LT, KFOF A XORE—M, Kik
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T a YA KEYEEL 6Ll &
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SN FERO B ESTM

[ 21277 L 72 A D FE TR 8 4 B 7 ) A8
(AFM) 18 CH 5, AFMEH (K2 (¢)) 1T
TRLAEDOWET O 7 7 A V61, & b
7 — 2 OB OWERIC BT HE ) v —HEEO G
BHLP TRV, ZOREMOPITT 72D, &
W7 T X €Y HBIEC X 5 EEOCFNES OFF
fifi & A 726

KT 5 X HBEREH (SPM) 2 V5L
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1

polymer &R HFRAHEL 72%F ¥ A b7 1V AD KA #E.

EHBELEEL 2T 7 AFEREICERL 72 Lac-
polymer #HfE (K2 (¢) ) DHHONE % 7 7 X
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OIEWE (£RBFEROEE. 10um) 1TX o T
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SPMEDHRIZEHN DI TIE RV, 2y kT —2
I T 7 XY ORISR SN2 o7 F Y
T — 7 BEDEBLVE SN T 7 XY DIEHk
PEEB L RS F o EhERE (R ASDEER
(632.8 nm) OB LEFEHFORE, #300 nm) X
DL REVWZDTH S, RPITRLZHE O F S
(void 5 1., 2, BXU3) & 44° iz kg% /R
L7zo 2NSHEE DOKIETOREED AGHAHKTT
M7V R VORI D) FLHFHRTEZ (K
3 (b)) KRDOSNZEEIL void (1) 3.2 nm. void
(2) 6.1 nm. void (3) 5.1 nmTH o7, T Dk
RITHB O IC @D TEESHFET 52 L 2R
M3 5,

(b)

.goﬁﬁ;

(a) Lac-polymer DftLEMHER. (b) W/OLIAL a VoL XY A7 4 VADREHE. (¢) Lac-
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1 L &IC

EELV —F—Fdul b L7z 4 0NXFH e E
2 AENDRT SRR S RO BRE 0,
BRI RNEEFIAL 2Rl SROBEE =7 —
DORBRIEHORET) & o ERLIZHL < x A
7 B2 Wi —Optical Diagnosis—® W et % $av>
fr vz b, I ONBWEEII AN O 4
DIFINT A—F —%FHHT A LT, £HH,
HALZHRAE DR, & 5 VW IZHERORHZ 4T
LDTH b, UATTIRIDKBHOWL D7D b
Yy 7 2L ZOFEMOERE 2L TV AH—#L
HARTONRDRLFENEFTLDOTHD,

2 EFRHNIEERLEL ZAH—
ALELR T OERN KU HARRY
N=ILZ 2 N— k8

— R AR R I N BB —HELR T
ABGIEEE & LU ST & B \ I HEELE B &
OBBRIIEE X DXL TUTO L HITR— L
Fon—FRITEBE NS,

log{Io(A)/1(\)}
=) &(\)-Ci-BA)-D+SN) (1)

ZIT (M) I(N) d RS RULEEE ()
HEEE ., e,V Ci(N\) 13 i F B OWRINELS D E L
WAREL, VR, D IHIEREOWENES
BN BRI T OXBEOHIEE, SO\ ILHFELO
HDONDBEHTH b, > T B(N\)-DFEDN
&K (pathlength) T& %, 3 (1) ITFEBED A KR

BTHRVITAZLIIHRAINTYS, B(\)-D i
PUFICE~ 5 B 5 etk CEB T X 5,

WE O ERTIGEARIVEIR O a0 R E i3 i
WThbH, ZDHE, (1) ITFEINES Y~
(HbO,) ¢ BiEeFE(L~EZF T Y (Hb) ®250
BATHY

Abs = log{ly/1}
= k1[HbO2] + ka2[Hb] + S (2)

TEERIIC ki ks S 2ROLZELITE D,
[HbOo]. [Hb] DZEALZ BOGEEZEALA 6 RD S B,
ZOBREBTIHESEITRE S 2Vl ELE S
R BT, EEETHISFICL CEAETW A,

3 MEREZEEETAIAIC & B HEXHE
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RO EFEE V7 EHE T AN E %
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o Z OHMEIHED KOIF S,

MERICBIT 2R X -1 T »ov— kAN

f(0) = fo()) - 107 (3)
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RUTFAEL Z VRO HEE. | 3l 4 DT 0
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FOMEBIC BT,

0! ()= fo* (t) (5)

DALY B L) EViEREE®RAL (GEF 10nm
GIEY

Absy,—x, (1) = log {f* (t)/f*2(t)}
= (eg — £1)Ct (6)

EFTL fo(t) (BIXD % B0 BELSABEE) %
HETEH, K(6)1F.

AAbs = Absy,_i, (t)/vt
= (2 —a)C (7)

D, ZOER (M. A2) ORMEIGE AR B
E (B2 LB OB I RbbLHEMOES
WX BREREE) RFEL, TOFEEFHAVTA
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AVINOH T TIGERLTEY ., F05L
ORI, L TR o B - B AR TR
Thb, FIT KL VDEIv—LIF I 7
DOEIREN B IV R A—T avilko
TEATHE)REEES ) v 7 A4 TV -V %
AtL 7z (K2 o 2)H, EEZofbaPTid, €
IR [ LR RAOBELII S N )T A AT
YOFMIEYKRELEALL I (X5 — ),
'H NMR Ol S i3, $HERAZICE L v ok
BESBWKL , REROEZEBIZLLEXrIANVY T}
DELSHPHEET LI LRI,

4 WEBEIXNX -—BEOR
FZxFHL -7O-7

FIFNVEER - VEET VTS —
ELTEALZA)y 7 ATV —rR2EatL

(M2D3), ZOIEWIBNTH, KLV DE/
Y- JLF T DENEALL R, B v I RT
V=rDavkAi=varyZUlLoTRF=/7
7Ty —EAEOBEEA; RGNS, fhilgx
AINVF-BEERHT A TRGHL, FF—¢ 7T
XTI —DHMASHEERRI L L YFIREEE
BEZONDREDH 5 ALEW 3 DEHLART b
Wid, ¥ +—Td» 5+ 7 F VEHHKD 340 nm 1K
DENET 7T I —THEBY T VFED 500 nm
fFEDORND 2 oBERBENZe T MY T4 4
CEFEMTAE . FTFUDS ORKREIT R
L. YV VoREREERERES 7N LSS, £
DRBERBMT 5 (A% /7 —h), Zhid, 842
ROy R A= a3 ELICEY, 2008k
BEMTOREL A NVF —BEORRFZALL 72
bOLIREIN S,

5 HbHi)ic

FHGELAF T —T L L T3 EH DT
RL72HY, ERRTOWEEZZ 1256, =
BRI ANVF —BE)OIREL FIHL 27 A~
BOo b bAMTHEEZONDL, ZDE)%T
O—7Td, FF+—,e7 %75 -DilaabE



KEoT, EEEZEAEELI LN TE, 2 56, BOTEERTH S, HE, AL VT

OEKEED 2ERTOE=Y =D TH 5%, A VBT MBI ET & 5 MM T
FIZRhEEROMBIX, AFATOHEE ER 72 M) LA F v DEKTO-T Z2EEPTH S,
[&ER]

[1] C. D. Gutsche, Prog. Macrocycl. Chem. 3, 93 [3] T. Jin and K. Ichikawa, J. Phys. Chem. 95, 2601

(1987). (1991).
[2] T. Jin, M. Kinjo, T. Koyama, Y. Kobayashi and [4] T. Jin, K. Ichikawa and T. Koyama, J. Chem.
H. Hirata, Langmuir, 12, 2684 (1996). Soc., Chem. Commun. 6, 499 (1992).
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Y AT SRHIBFEAY MfE M, <274 AT TE L

777 2IVMEE EEOXEEER, ROWERBREERL THY, 77 72K FEDICH
DERD S EERN, TOLD EXHEEE, 7772 NVHEREEEOREMARICLZ S
BELBREERVWTERT 2FRBEET o/, ERMINABEBD ANy IV, BEDANY Y
WERRLY), BBEDANy JVEERFLT, ERFRISHEVWNERNICHK D MERREERL 2.

1 IS

AHERRS, B, RMERZL L oWErEE, &5
WIS R B2 & O EFEES, HRE
SR 7 T 7 5 VABEDAAET A, SRR
EOXEREZI DX ) REEICEATALE, T
Ty NEEEL K E OMBEEREHAZ L2550
Blhd, TOXHIREBENS 7T 7 ¥ IVEEED
HFBRIZE 2 5 EEBIIOWTE L O Y Th
nTEM1,2).

—77, KB BT B 75 7 ¥ VA O
RICHAEEZDLEE, KOBEKET V5 LT
T INEERTAE L) BRRREMFERT EIUTK
EHEREV, AT, 20 L9205 EK
MHETHAZ L RL, AR INIZIHEOHEME
BpElC D WTEEYT 2,

2 HEmAVER

HAW 75 7 ¥ VRIS — e E BET 5 L,
ZORAEFBIHUNG T T 7 FVEFER S,
FDT T INKRICIIMED 75 7 & IVRIE DI
WHET DI L HLNTWE ). LL, 9%
LT 57 ZNoORGIEHEI S EEL 72 ARy
INVERY, FOFBEEEE S

{(I(r) ocr=P (1)

WKCOEMED 75 7 5 VEFRBEINS (3. it
W, 7S50 FNVRIBLEIEL R, EI2AD,
D% BHE ORERIC B L TR o 5 ZEFGEL
ARy 7 VT, #FOMEAMEEE R |

C(r)cr™22-P) 1<D<2 (2)

NS A Z P HEGRIIIRINTWS [4]. Th
X, FOBIAETSIINTHAEV) I & & 8k
LTwas., LN, SOHEKIZEDETI 75 VE5ED
HERERICOWTHRS.

3 ERBIVEER

AWV %R K1IZ/RT, HeNel — 455
DYKRFATE — 22 E P, LOWKICBYE 5. 4
e BB 72KV v A L 2 ML THi Py LD X
VH S AR T A, FITHE S BE L~

T4, P LoWwkE LT, 7977 VRITD =1.2,
15 BX® 18075475 7% VHEKIImz
T, FIERINS LUIEORCFIRIRE 2 Hv7z.
B S N7 fkE N Y — v 2K 2(a)-(e) 1T, Fi
D7z MR ARy 7 V38 F — v % K 2(f)
IRL72. INHDORDG, (f) ORFIRZR Ay
7B LT PUCPIRRO R A7z (d) DBEIE,
MELED ARy 7 V% 50T 5 BkELR [ A~y
INE] BEETBHDIIHL, 7T 75 Ve
E—HERE 35 ZERELANRY 7 (a)-(c) Tid
—ED AN 7 VEBFLELET, KNEFESTO
75 AT ROBESHFFRONLI LS. £
77, WMARDORITAKEVIIE RKEWS S X703 HR
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| NERRBOBTEEE
~2FEHSQUID Y X 7 Is - & B85t~

= FRHBIED S A

%ZF + %)V SQUID (Superconducting QUantum Interference Device) & XA 7 Ll
&V EIRSEHRI & h 3 SFRMBESTIC . MEFEWRICHZFEFT 3 EEMARAEDOZ UV B RME TR
DERBTIEODFEREL THAICEEL AERPBREEZERN, S ICKFETERESN
3 B RNEFAEESORBEEEMIC DOV T, 64143 F v XD LBER SQUID ¥ X7 L

k) BoNETF—25RICRNT 3,

1 U BHIC

WA, EEREHINE ZF ¥ 2 LD SQUID ¥ A7
LERCTITOR LD~ E R >TE72, L
L., %7 2V SQUID ¥ A7 A1 X ) [AEFEHA
SN BRI, MEFEHHRIC S ZRN %
RO S CEENZ: B RN FRAFEL . B5
BHEOBREDERERE 252 EFRHEN TV
[,

AT, FICERL 25T B BRESF RS
DIRBE LT X5 L 42 A SQUID ¥ A7
2% VTR S N7 BHE SR b 72 B e S
BIOBZEREHIC OV TERS,

2 ERAKREE

N F MR O SEEHNO - OIZEFRL
7z B EEEBIC oW THT 5,
ZFATEICEH & 1B RAER B2 SQUID ¥ A
TADF XY IV p L T—I VT VE kE ODFRD
W5 7% BITH L 2B o BIEFEMNELS Be &
BEMERBbB LU, HREIMEL Y AT A
HEL ORISR oTWhA,

ZFTED B & TS orA-6y 2 & | AN
7~ VATHY

A:[alra%'”’aj)"')ap] (1)

PO D, ZZT, a; i pMOBESID»O % 5%
G ERGOEENRZ P VTH DL, [THOWE % F)

AT 5L BIERROMICEETE S,

B = BI, = BAA’
= Baja) +Basa; + - + Baga, (2)

TITREEERT. I, 13 p KEMATHITH 5,
X (2)75 Bb % FIZERHAT 2HERAD L DI
BREL THZ LR T — % Bhew ¥ &2 HBINEF
oz lickh, BN sFRMBERIEAT
5HERMBERADOEFES DEEFHFETE S,

Bnew = B - Baja;- =B — (a;-B')'a;-
= B - (a;8;) 3)

ZZTS; 3% FRTOERMFEONY PV
ToHh, kX% 5,

S; = (a}B’) = [S;1,S;2, - - Sy (4)

3 2EHSQUID Y XT LA

EAL7-£HEMSQUID Y AF 23 HF45, CT
F Systems 8T, 64 F ¥ AV L 143 F ¥ F LD
2DODIATThb, WTILDOY AT LHROK
HIZ . N—F L7831 RIS 5 F A—
FERFRALTWAD, LIV I MY TICLY
2RBLVIEZRMEDT TV A I EBTE
LERIZ G oTwE, ZOROHBRY—IVFE IV —24
%L CEBEDOFHISTRETSH %,

FSTFA=FDIANE20mm, EFIAN
Rk 50mm IEMy A 7DV AT LB THL, 2



ANHPOREIEEL64F Y RV AT A, 143F v
ANV AT AL A A5 L 32mm Th A,

4 #ERb LUK

M1IC64F v RN AT AL ERI SN
RMBEROEED 1 TRy 712 L TRO - Tk
SON. B ~83ERDOEE S, FE5ERIE
CICEREBE L TRLZ ERABANZ P L E
TRY o HERE LR 31 RAFI ZOH W (FIRIKEE)
Thb, MEEFIEY >~ 7 VEKRE 250Hz T1 >
HEyZiI2o% 1.0s B, 2% 100 Fy 7 ME
L7ze 75V F A=%123RTHY, 0~100Hz
WEGEST 4 VY B CEHAIL 726

E1ERS OO % BB & FEkD O BRIE
L. BFRCEVATNE & V) EHEICHT
BRERNY—VERLTWAI b b,
72551 ERLGT O ERGAR IO R H K 8~
OHz ODEIEHEHL TWAI NN, H1E
B « AT ST A L HIBTE S,

43.9%

DIRY Z7IZDWThH, ZHSMICEEIH LD
OO, F1FERSVEEESEWICIEN; 2HEOE
a ORISR T L HBTE AR TH -
720 FEIZEAR 144mm O FIEOPIEEET H/3—
T&537F v 3 )L SQUID ¥ 27 4 (BTitH&) 12
LY ERDBIT R AT o 72 4E R, FOE1EHSD
a WOBFZERIE % IR & HIWT© & 72 H7RLBL 2
DZEHAT L EFH BN TIZIZFHEZ €/ R
8% =2 R IRL TWiz, RIFEORRIE, 20
ER=IVINY — OB ETEERIEN A RKER
FHIBEE) O —E8 % RL TWAZ & ZREEL Tw
%o FARBIZEIC X D RIC R E RS B LD
SFEMSQUID ¥ A7 L2 B TH LT &
PR T E 72,

BRI, AR ZZRITTHIHN, &N
SQUIDY 27 A 0fFEAZ R CHFETL THW
Simon Fraser K%, Weinberg # % if ¥ iZ CTF
#t. Burbank -+, EEIZ T HTEV 72 CTF 4t
Cheyne 1# 13 0712 Robinson I E# T 4,

3rd PC
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20007
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-2000]
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200
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300 400

Bl 64F v A VEFEMSQUID Y A7 AL YEHA SN BRBHEAOEED 1 TRy ZIIBIF A8 1 ~E3 1K
SOZEESA (FRMERIL0.05 A7 v 7, TV —OHSPEOME). F5REFICHREMERE U TRL 2 ERS R
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(1993)
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FEBIEEALEER (C 1 S IR

BFRHNAFZELE CFHER. REED

BEVIIEHENEREEL 4 LICHBEOABICERL., 2hs 24580 TWBE

D iKEEN % SQUID BREHC & WETRIL 7=,

EEFEDS 100 ms HEICEDILSE EH IS

THEEVERIS N, &5 (ICEFEBIE 200-500 ms ICHEEIRBICERT 2 EBhN 2 EH %

BEL ., ESREAOBR. B
NHIEET B ENRREN 72,

1 U ®IC

GTESEOHMICIE ., [HM L FERE RS
FHoH TR, FLTEKROHME S LET
Ho| EEshTwall, BEEREESHBREC
NI TICHBERLFTRE LWL TN
TE 720 PI-B 0 Xy ERoMREICOWTIE+a7%
B EhTwihwvw, 2 TARBTIE, SEH
ﬁ@%ﬁﬁuuﬁafﬁét%x HEEL JEHGE

FEERap S ARETERL . SE0NHBICH
bé%%ﬁ%ﬁ%ﬁé:kéﬁmk?éo

2 EERAE

WEREIIER R ED®AT 5 4 Z0 B M (25-32
. AFE 3%, EFIE18)TH L, HEVKET
37F v 2 VSQUID k> # 2 }e% FhFiL, HER
BOLEEDOPEEICHEET AL HICKHEL 72,

EEHBTIEEROSVHEIIY 2RICET S
BRAELC Y, MBI T REBET TH2 L
CTHOFORBEIVHHTELI LD D, 2T
iﬁFW%ﬁ(%%iétbK R v 5 E

I3 E—TEOAMEZREIRL . FEHFEL 3 E—
7@% X TEREZEZWVWE T AETHER
L7 BREFOESIZ400ms LLHIC 2 5 X )1
FEEL . WEEL FFHERFHEETEI300ME T v
¥ LZHERE OMEICERL 72,

WERE I BRE VAR, E MR R R
FIRL . 2RE0 5 800—1100ms &I TAAXE
AHZ A SHWICHIE L /2R Y v & EFTHT
IIWRLE (K1), /2, o o — VikEE

2 FEEOHETR. BEYEEZEROERICEAST 55

LT, 3E»5 %55 RSB (FEbhFRE 133.3 ms.
200 - 520Hz ¥ T 40Hz ZAD 9 FE A ALY
72b0) ZE»E, 3EEHF1II2EHERFEL
BEEPE IR HWT R 5 REY F—HBREICT
b7, MEERE D 300 BOMEBERIED ) BIE
BEED e D &% FEE 0#b DI Abe Tl
mEL 72,

0.4 0.4
09 +— 08-1.1 <= 0.75

_ ,0.8-1. - 75
L] 6? —>
word / _ time(s)

nonword Ryl

1 HFE - FEHERMRRRED Y 1 4 F v — b

Magnetic fields

600 -400 -200 0 200 400 600 800
Latency

M2 AMEXOEBREYTOHE - JEHEHFEHE
?WK\EE%ﬂ%n®M%fﬁMénft/%mﬁ
NDERESZLHER. MUETHHEFORBERICE
BRICIAFEENFRONL, E512, MEEOERE
300-500ms |2 AL IBAC SERRAEIC BE L 7o GBI 8L
aNntz,



3 #R

B 2\ HEE - JEHEE O FRRE T BT OBRE
YT OFEAMEED S [HEFEHE & 17 R S % 7R
T o FIHEF O 2R 58 100 ms HO S —300 ms
12, FHRIBIC X B BRI A O REERY S ]
Wiz, SHIT, BRFDER Oms THRTL
720, 200 — 500 ms 2 FEHIBEERT OIS (LA,
BIARS EFEE) DB ENI2AY, T OSSR
WEFERICE X RL 0 ER L2, BHEEK
& & BB OfE 5 IRIEE R ATV MREI{RICE
RIEER, FNOEEOEEE & HE R HEE
EicHE SNz (K3). —F., #MiExfniza
- VERTIE, BRSEEBE S Lo
720 M2 2R E OHEETH | 1FITFERD %
R ROCHSERR S 7205, #2013 B HE 7 BAs
THERE ol HEERERALZ LN
WKL D o7z, FEF & OHERE TITMEIETHEE
T RS & BRI AEIE S A, AREEO K
BRI ERIC . LRI BB TR HE
EENT,

4 EE

Sma MBI LY BEBFEEL 0%, i
BrwBER s o /Bl ST 5 0EE)
PERAI SN 7z REREOBMRSE, O bo—
VLTI SN W L6 . HEoEnwE
RS AL BN A P300S TIE R ., BENE D
xR A0 RMELEAT 7 v 2§ % 6%
ERBL7Z2bDTHIEELLN S,

N1m

326ms

it 4K By
3 HEERE YT OEEE - 3E BRI EEATHF O hithi
FEGHS HEE SN2 IELERO BRPIEERE Y MR B2
ERIER AMEORTEFORIGIIERENC, T/
EREO#KD ) 258 350ms BIITEB ICHE S,

[&E3H]

(1] AR CHEY, BRPEER, BH. 127(1996)
(2] Reite M., Edrich J., Zimmerman JT., Zimmerman
JE.: "Human magnetic auditory evoked fields”,

Electroencephalogr. Clin. Neurophysiol., vol.45,
114(1978)

[3] Kuriki S., Okita Y., Hirata Y.: ”Source analysis
of magnetic field responses from the human audi-
tory cortex elicited by short speech sounds”, Exp.
Brain Res., vol. 104, 144 (1995)
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IN2—> & DRIR (Eph
E TR

BHAEESE MERLE, £IE, L8, FF &

DY X OMIBEEARICEFFOPE LKL 2 HBEICEL 2MEREOEBIBENE/L & KW
(AN, MBEDT7A—/32—> EDRRIC DV TIERAICARIL 2. ZORR, 70—/¥2—
LB THERERELTHOIL XA7FO0—-IILOBGKTH 3 EBE) REQOEBEFTILT 3
e, MIEOEEXEECFELSZ, BBBEDTILES|ZRITERAN—DOTHEZ L

PIRIE & 7=,

1 U &IC

Bk % i B MO REZ AP IKEX D12
PN EEMD 2 VIR E 5 &, BET D e D
EDBEIZRES &) ImMEORENEMT AN, F
72, ME# EREEB L, BENOERINOEIA
FEHEN B X IO FRHRFIEYT 52,
COXIBMERED)EF Y L, MARRES
D IC 7% E OFARD R T-05 M8 BE O M ikiE &
YEALSEAE I L EERL TV A, HROEE%:
&b 7% BREELR, IR TFRHRBAHET 5
B BRI 722 & O MAERAIFHE ST AL, MO
TO—NF = EBBIZERL TWAE I EATHS
NTBYE, AR ZNE TH S 2 s
CELANZALEHATLI L, TN ORE
DRIERCHEBOWF L HFETH L TIEETH 5.
FAld, MRSBIILEATTRZIVATO— L
OIKTH HIREE ) REASF (LDL) 2%, MmE
BEIZ BT K5 OEBEHIC XY, MEWNEEXMT
LETEfsh, FOEBER 7O —NF -0
TEALT 5 2 Lo IR RRIC 8L 5.2,
MBEEORMLZEESRBITOTE VAL EL
T &7,

ABFFETIE, v FRHEBIRIC A AN ExdFx
DT % fa L TRHRAZED TSI A U 5 Mk tEE o
ZAbE S EIEZEL , BRI AIC D WV
RHFRETESEO N A MEWEEREIZ BT 5 LDL
DL OFIBIZDOWVTHET L 72,

2 EMEERIC & BRET

MORAAGERE (5t63) %, ZiEME T 5
ACHET A (AR, 4) LEERIC]
%IVATO—VERELZERY 52 THET
AR (VAT —VER, 2T LI/ TEER
#iTo7z. BIEZHGL T2 3 B%ombaL
A7 00— Vg, BEERETH 40 mg/dITH >
72D L T, IV ATO—VARTIRFO/40
BEIC ERL Tz,

MR DNBICER L 2 A0 RIERIRIC,
BERT _EIIEIMMTTHAESTOMED 1/258
& 7 RO A R ER L 72, SRAEEZ{ERT
LRiRICMmELYBEL, RAEO FREIZHE ’
BLTWABI & EHERL. H%3H, SEABIY
20 BT HUHREERE FERL, REB LU ME
rHEL 7%, MEZHBLZ. L -mED
ME% £ AR TR L, ERNCEEL 728k
ELELVWHELEMLZRETHBKE FLv<)
EEL 7. BRIL - MED S, HEWTE, B LUk
e THED S OWHEAN DA B X 1T & - Al
OIFFEABAEAR T ERL , BB L ) AR
MFEPELFERL T2 HEmflRoB ok, %
SR Ao 2 NERE OB L% F<7z.

BHERRETIL, Wik 3 H LR THAETRD T itk
D IMEDYIRL , £ OIFRIDIC BT 5 MEBED
VR OBFEREIIHEASL T (K1) . —



F, AV ATHIVETFETHIRERIIEY EL
723, YEERERIC BT B HEHE OO BT b
THhThol. WEFAELZMEONEL FiEH
& oL oMBEREIE, EHERRET r=0.7 12X
LCTabVAFa— VAEKTIE r =058 LIKWET
Hotz. INHDMERNPS, PRAERIERD P
EEIN D FIEMMILEORRIC X ) EL 55 Ed
KCDOWTIHERTEZWY, oIl A570—
Wi BRI O MR E O ELICE S L T 5
dborkEZONS.

AT 22 PR AR L & L Cid, SRAEERTE
\Z intimal pad & FHEN %, BIIRD 25k ERTE I
Y A MBI L FARD b OFTEE STz,
F7z, FEAEITHE2S 3~ 5mm 2 Tl
WIEAEEAS AL T, 2 OMBEIRER, fEilEf

2.0 7 -
; Standard diet group
. | (n=6)
g 15 j e ——— s
5 :
k5] I
E 1.0 Pow——eif .
S \ !
E AV
E 05 %
= |
® do=1.74+0.17 mm
0.0 1 1 1 i ll i 1 1 1 i

5 4-3-2-1012345¢6 78910
Distance from the stenosis, z/do

(a)

g 20 : i

p> ; Standard diet group
> ' n==6
% : ( )

g 15 :
2

> 1.0

Q

>

= 0.5

= Nosmcs =9.37 £ 0.42

2 :

E 0 0 L i 1 1 ; 1 i 1 L 1 1 1 L L
Z 0.

543210123456 718910
Distance from the stenosis, z/do

(b)

M1 RERICRHOMEEMEDORNL (a) WEOE
b, (b) FEAEOBDZEA

BETIX 2 S AL fiH L 72 M IS O R BTH Y
KRNI LT, ab A7 u—VvERTR
MEIBTHEBL 2METBICEEICIE > TED
Tz, 2510, X DIETFITRWEAMIZIE#IK
BIRFELIE D RS 7.

3 EtE# Il —232il&B
IBEGRVAR ET

2IWTRT X 9T, WOk E LA T B EE
3mm DMEFRIKET VA2 EZ, RKEHRY 7+
(Ansys-Flotran ver.5.3) # W TEBHRNDOEE
irol:. EUEERSEICHRALTOL L/ VX
it Re =100 & L7z. 13 5 N7z 5A 12D
WTEE R T ERAABREREICIVHE,
LDL OigEES % Red7z, T ORS, ImEMBER I
B 5 LDL OEEFHUELER L, BEmTOHER
&%

dC

o % ________________
| | | .}
& 2de ™02 ! 6do t

2 EheFeEmEOBIRET IV

13 1 T 1 T T 1

Re =100 —_— =
Y=05

dy =3mm . ---- y=08 |
Vy=4X 106 mm{s
D =5X10" mm“/s

12 + i k =0 N

Surface concentration, C./C,

1 1 1 1 1 1 1

-1 0 1 2 3 4 5 6
Distance from the stenosis, z/d

X3 4zEr 445 MEONEERE O LDLIEES



TH277., 22T, n 3BEOERFRZEL,
Viv W IMEREDKEBHEE, D i LDL O YLk
¥, kKiIZLDLOBEBZEBRTH 5.

BB 5 BAFAAROERL (v = di/d,)
REATYIab—Tar2iToliER, v=08
DUF Cldgeze 3R C it A RIBE L T O3 i % R
L7, MOKESIEEEFBVIZIEERY, %
O FRIROBER A WIS O i KAEIX Beze bS5
EOEEIVELS o7, K3k, y=08 BIU
0.5 OBAD MENBEEIC BT 5 LDL O iEEE A
ERL7bDOTH B, ANV CRNIRFEL %
WA (v = 0.8) OILEPEERT Fo LDLEE
W, SRR OB A WSS —BART 3 4 EET
TRAICE S 2, REKRIIRENEVEGED
BEMBRLIC —3L /2. —F, $ezEdsis o El
BT A4 (v = 05) OEEMO LDLIRELIX, M
DRI L W AR T A BT C A TR
BICE Y, RO T BTk £
GOBEIHRTEL ko7, TDX 7% LDLOE

EAAE, EBRIC BV TR T g HHE s
WAL, PRZEZR ORI TR 2 IR O %2
RO NAZ EICHIBL T A,

4 BBbHYIZ

ATHICHRAEEZ BT I LI X ) EL 5 MEEED
MR OELE, 7O— % =Tl TEfL
T4 MEMBEREIC BT 5 LDLIBEOEIKE 255}
JBT B BIZOWTRA, LA LRDTS, RO
TiIREAR T LDLOBEMBEN K 252 L %,
BEEIC 1T 5 LDL O EZALA, aL A70—)
BEx 525212 X AL BBREEIBCETA
BV el EREREZHPELENZVEDLD
5. A, MEBEN~O LDL OB AH b E5E
L, ER:EROMED S, WANFNETI M
EREOMMBEEDELEF|XRI T AN =X b %k
BRLTWLFETH 5.

[2EXH]

[1] Kamiya,A., Togawa,T.:Am. J. Physiol. 239, H14-
H21(1980).
[2] Wolinsky,H.: Circ. Res. 26, 507-522(1970).

[3] Asakura,T., Karino,T.,: Circ. Res. 66, 1045-
1066(1990).

4] B, fESE, NERE, BEFREME, 4, 22-
32(1996).



R FHUNHERF R O HREFIEICRIT S M%R

BOHEZESE AR

FKASEF CIIUNKERS D RE(CH D MITENEER R EL RDEEISEASNB LN HEIICT
HTD, ZOHERO—D2EL THERVEFAOSNIY, LB EALFENShTOEVL, F
2Ty M EAWEEHMERE TV, PIRERERENL AT 1 —F Ny JHBERDOEFE. 20
HIHRNDHUIGEBRORKOMESOLEM., 55 ICZ0RMERRE L TOBXBAER
DEJEEMERIEL /=, SHIEFRGEROEFEFEZES LICL TV E L,

1 U ®HIC

HAEOBEEFEDORKALRE—F ) E—T 32D
BEZREOERICE Y, BRBEEVEIEL T

5o BERMIE, M OREHFHESNETE LS.

MAEEE 726 THREBDKRHKTH o T, TORAE
WXL OBENH L, MBEPOREFIY AL
NB5 =7y MEHIFIKIEERHTHo T, &
R ORM MBI FICA >V 2 ) I X o THI
HMENTVEY, MLPOREETHDO A X))~
WA b2, 4V A Y BEEKS LR
Wz RIET A RERIFICIE . EBEERE R %
BEDHLIEVHONT WS,

LR R CEREC T, BB O FHIRE S,
5 ERL PSR T OFEDBLY AAARS BT %25,
ZOIMEIMEEA Y A ViBERMEEDHEM
DO TREBEE O L WVIEIEE LW, ZT0DC
i, BEFOMBEOABHI A A ) VTN T
<, Ao d s RICE > THHH ST
WHZEERBLTVAS,

ZFOHMERICET AMZEIZHRBICATH I N
FTIIEBO TAR VA, FERIIITH - 2 HER
FEREORR R L OGO A B ATRER D &
Wiz, FOMBABBFEIN TV, £ THH
THHTIR., ZOREROTEMD —D2 L L TH
BRRCEBL., BET2#EDTETV S,

TP R BTG ORERBNT A v R ) U 1EBREL
NOFHREFAET A LT, 7y b EHAVE)
WEEBRTRL., RIZZFOHMBIMERTH S
EERBEID, &5 ICFOHIERICIEIEER R
ORIMESHFLETH LI L., BIMERKL

L TOHREMEROWTiEM 2 RIEL /72, 22T
EINCOMELTMERT L L DI, 5BORE
DoV ThR 5%,

2 A &

BREL T IC Wistar 24 25 v b OB SR &
—ab—varvlL, BREZE=ZF L7, KIZ—
FOBBROEEMEET BLL . HIEFREOO
DEZRNBRANALR - 7y VBB EFLZ.

B FAIRBEIC X 2 B pEREED & IR L 72
#. WE 0.25 ms HIFE 25 ms D/NV AFNIZ X HE
FRIE T FEFAERICINZ T, BECRAEAIC 20 #
M DM % B . HIBBARGHT & FIB LA
#% 20 ok (BG) ZHlIEL 7 (N, 20D
& EBGOHINEEIC & o TR T34, KT
DEOBY AN THEL HEREEZON D, &
BB MATEIREOZEALZ KL | EShf
BUS O BRIEL 2700, FIB0EE
EIEEE B TE B R/MEE L 72,

RICHEBRMERG 2 LT 5 M2 UIRTL | Mg
SPHRED EE R B E L TRBOERZ TV (D),
NEOHEFL HEBL T, MEROEIHO TS
E AN

XS ITHMAER] & AV T EE R ERTL .
[EZYHL TALPRZITWEDEL, EEOH
WHEDSTEAEL 2V IREE T RO EBRE 1T- T (G
B MR O R OHEE T O LEEE T,
BRI, HBANAE =T 7 v 7 BEO R
4

WZF VT AT UBUNBERERIA (A0 a—



o5 a0 UL ISR 0 KRB MR TR
BARAES (MSNS) % #EH - FodkL T (M), %
AN RO 5 D WTRRENL 72, MSNS D [F]
Eir v o EBREL 1THEL 72, MSNS i BIK Y
N—AMNELTEHBENDLDT, HREMRE
) (MSNA) DOFHfE AR 472 ) D/8— R b
HTiTo72,

BonF — ¥ OMSEIR ANOVA THETHIIZAT
W, FEBRRIZ p=0.05 L7,

3 MRRERUVERE

N# (n = 9) Tk, 20 BROHIKETBGH
669+ 7.6 705 620+ 98 mg - d™! ~NEAE
(p < 0.01) IZWAL . PHFHTOREDOHLY AHAT
WMLz Z EWRBE IR, CORAV AU %
HSLMBER OO RV E L R MATENREII L L
TV hozdT, ZZTHLNIZHEDRY AAD
FUEI R D L I IUER O BETHIMEREIC X o
ThosnzdbntEz oMz,

Z Z THHRMESROBS 2 8l L 72 BR T O
D (n=7) TRUERZATo72E 2 A, IR
BAEAET & E O BGIiz 2R £ 71.0 £3.0 mg -
A BXU71.0+49mg - det &b NEET
ROoN7BGOERTHHEONLZ (ol TDE
ENFEL DIEEOBGOEIRARICEZ > T
(p < 0.03)0 THHLENHTRONABGOAE
ZIETR, PRz STHEREER;ES L AR
EEZ LI, KRB PIRMERE A
L7274 — KNy 7 MiEEM A HFET 5 L °

R an: -8B, 2B otk A 2 V¥
BAFED KRR BRE T H A TR D o

KIZGE (n = 6) TEROFHIGED LRI B
AL A, HRIBERLEGEH & MMPOBGIRZ
NFEN 727412 BXO 763+32mg-de! &
oT, TITHNHTRLNZZBGOETHE
bRy, NEE GEOBGOELLAEI
Rz oTWiz (p<0.01)e TDI & D5 AR
7% BIGS 5 7201 I3RS BT A RO
BEOUELZ ARSI M,

REICME (n=6) Tix. HIGEHFREHZTO
MSNA R ZFhFN 45.5+21.0 BLU 54.7+224
bursts - min™! TH->T, TOHEMIAE (p <
0.01) TH o7z o T D, MSNATGHEDRERE L
T—HRICEZ SN TV AMER LD LRI
BETIE o7z, F-HEHOEENC X 5 /M
TLEBEMND 720124 | 2 MSNA 23] & 72 <
TEARLRVWI EH» S, RIFFETH S /2 MSNA
DGR . EICmMATBIRENHE LA OB DD
ICERINZZ ENTRBEN, LrbE0Rs
AR O FEWR T % 329 MFEME O KT & [ ReAH
ICRETWAZ Ld 6 . MSNA 2SR AR 5 b
e E U & € 5 W et iE R 7z Bl

S, AR ERALIE O SRS B D FE
FREFZOBRBORENLETH S, F-HERE
AL 7B RICEEA O FRIREATh T AT
getE (B ZEMEFPGREIC 1 D IR GRS OBED
B AARTGHE) W2V T OREIL TwEzne %
ZTWwW5h,

[2EH]

(1] MEFEH. BEMEREERE (B2, BARBEME
FA% L JURE), 211 (1995)

(2] AR, IS EE—, MER. %10 M4
K- EBTEY YR YT AFRUE (FUBR). 249 (1995)

[3] T. Nakamura, K. Kawahara, M. Kusunoki, T.
Hara and I. Minejima. Hormone & Metabolic Re-
search (in press) (1997)

4] AR, BB, THEE, WER. B%. 0
JERl—o 11 MAER - FBTEY YV EI Y AGFTE
(KFR). 289 (1996)

[5] Ay FER, THEE, MLk, BE—8. EZ. T
BRl—, 1204 K - ABTEY Y ED Y AFHLE
(). 273 (1997)
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MEHM 7T BRAR X, KK

SJXT)X2A0F . SEOBACL > TEZZTRDELERFL . ZOFHI &R

RIDES 2RI TE & R T . AAETIE. TF TV £MEUC,

ZOEEITRCRIL TERL K

% 1B > TV 3 RRISEHEE DO MAEB & SFRUCETBIL . B &7 o2, ZTORR. BE

BEEEED TAG NDIESHEEFIL 4 DDA ICHLPNB &, T/,

BEEIPBFETII LNV ERTE =,

iU &I

TF7 ) ORERERICIZ. BEL V) [IEIE R
FERRIEI TS 5 — 05 e%ﬁ%b\%:#%w
O % REE AR R AR ERA#EET (Terminal Ab-
dominal Ganglion) \[Z AL . HIZZ 55 J@ih.
IO BRAPRBZNHBEER O TS, ZDF
IZBWT, BENTV Bl A0 IE IR R E R
BRzBLTTAGIIEESIN S, TAGTIE., A
HEIN2ERBERICITL TRIRD FMDOFR & o
TSR ML . EICERO PR ZEA L B
WHT %, TOBFHRLEOL AT LICE), TF
TIVRBOCEHBREORMITEZ KHEL Twb,
ZOBBREROMEBEASHHAL T L I RE
BB OB DR O 7201213, 22BN EDT Y
% R o oMM R O BhRE % W R ICEHA S 5 L5
Wd b, FIZTARIETIE TAG % BALEZHEE
THEL . EEBREMRRT BEXAMT 2ETAE
L % TAG O fWi#RiES) « FBFEMICFHEIL 72,

Z®E®H%i m%hé&ﬁ%»@&éé#
V RERIIHABOKMEZ., L ITRHRK
wfé%@ﬁ%@lv&\W%%%®&§#@w
RIZBWTITbNTE 7z, L2L . AUZETIE, B
HOFEAMZRE O X 9 72 B A5 0 #h A B B
DIFBEIT DWW T H HFEWEHU T RER FEASb Ao
7o UTFCEDOERFE, MTZFDMHERIZOVT

Yo

EBD IS FRADEIC

=

2 FEx

(1) 3k EZBRBWIRBET £ 2 T+7 ) Peri-
planeta americana & A\ 72, 4 SUREREBIIE L .
TAG O#E Z krk L, £HAEK T 1 mg/ml 127
0 72 BAL RS M FE RH-155 T 30 0 R 48 L 72,
C OB & BRI 0 | KRN OL
BRI X > TIREE = ZAL &€ 5, Betath, TAG %
WO L, EBREEKEHZLZF vy o N—I0E
w7z,

(2) BEAL  BHBOBEME LT HVT, ffE
HENC X B b Z ML 72, 100W a5
I T HEEACTHEE L BEL . ZET 10
L » ACTHRL . 128 x 128 FFD 7 # +
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