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IQ. Outline of the Research

1. Purpose of Study

The following studies relating to materials capable of reversible changes in molecular 
structure and aggregation status in response to external stimuli such as light, 
temperature, electric conditions and chemical substances were conducted with a view 
to project formation.

(1) Investigation to promote the research and examinations of the contents of the 
research

(2) Survey and examination of the technical trends
(3) Investigation and research on basic technologies (basic study)
(4) Examination of basic research programs for the Project

2. Contents and Results of Study

2.1 Discussion, Analysis, and Examination Concerning the Promotion of Research 
and Contents of Study

A Research Committee on Autonomous Responsive Materials consisting of 
academic authorities and external experts (total of 23 members; 4 from 
universities, 6 from national laboratories, and 13 from private companies) was 
organized to engage in discussions, analysis, and examination concerning the 
nature, scope and methods of research.

2.2 Study and Examination of Technology Trends

The results obtained from studies on technology trends conducted until last fiscal 
year formed the basis on which further studies on technology trends were 
conducted to examine and investigate the information gathered on new stimulus- 
responsive molecules and the development of bio-separation materials, control 
release materials, amenity control materials and life care materials as well as the 
evaluation technologies for these (structure and response mechanism). Work was 
also carried out with a view to the formation of the Project on Autonomous 
Responsive Materials through a general summing up of all factors concerned, 
including the identification of the relevant technological factors, the determination
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and definition of the research themes and topics, and the establishment of a 
specific vision of the spin-off effects.

Also participating in the investigations and examinations on the technology trends 
were observers who contributed to the discussions following the lecturers 
delivered by specialists on autonomous responsive materials.

2.3 Research on Basic Technologies(Basic Study)

Basic studies concerning autonomous responsive materials were commissioned to 
the following three universities:

(1) Biomimetic Materials for Soft Actuators

[Professor Yoshihito Osada, Division of Biological Sciences, Graduate 
School of Science, Hokkaido University]

Contents of Study:
A moderately water-swollen hydrogel with a molecularly ordered structure 
was prepared by copolymerizing an acrylic ester with a hydrophobic long 
alkyl side group n-steasyl acrylate (SA) with acrylic acid (AA). We have 
found that the poly(SA-co-AA) gel undergoes a reversible order-disorder 
transition with change in temperature and a dramatic change in its Young's 
modulus at a certain temperature. By using the property of this gel, we have 
discovered that poly(SA-co-AA) gel shows a reversible shape memory effect 
with change in temperature. We have also found that the cross-linked 
hydrophobic-hydrophilic copolymer gels swollen in organic solvent undergo 
spontaneous motion when immersed in water. The mechanism was briefly 
described.

(2) Dynamic Correlation between Micro-structure and Macro-structure in 
Stimuli-responsive Polymer

[Professor Kanji Kajiwara, Faculty of Engineering and Design, Kyoto 
Institute of technology]

Contents of Study:
Polymer gel is inhomogeneous with respect to the structure and is composed
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of the structures specified in various orders from a few A to cm. Small-angle 
X-ray scattering is applied to analyze the amorphous structure of the order 
from 5 to 500A. The example is shown on the thermoresponsive microgel 
composed of acrylamide and methacrylic acid, which undergoes reversible 
swelling/deswelling by cooling/heating. SAXS was observed from the 
microgel in aqueous solution as a function temperature, and the broken-rod 
model was applied to evaluate the structural change by temperature. Here 
the interference due to electrostatic interaction was taken into account. The 
possible mechanism of stimuli-response was proposed according to the 
structural analysis.

(3) Temperature-responsive polymers and their biomedical applications

[Professor Teruo Okano, Institute of Biomedical Engineering, Tokyo 
Women's Medical College]

Contents of Study:
Stimuli-responsive polymers which change their structure and physical 
properties in response to external signals comprise a new set of materials 
with interesting applications in biomaterials science and technology. In 
recent years, temporal control of drug delivery has been of interest to 
achieve improved drug therapies. Intelligent drug delivery systems(DDS) 
may be achieved using stimuli-responsive polymeric hydrogeles which alter 
their structure and physical properties in response to external stimuli. This 
intelligent systems demonstrated an ability to sense external environmental 
changes, judge the degree of external signal, and release appropriate 
amounts of drug. Also a new concept in chromatography was proposed by 
the utilization of stimuli-responsive polymers with a constant aqueous 
mobile phase.

2.4 Study of Basic Research Plan for the Project

Based on the fundamental project concepts considered last fiscal year, 
deliberations were conducted to examine the basis research plan for the project by 
taking into account the results of the technology surveys conducted within the 
framework of the technology trend studies and the fundamental research activities.

—10 —
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peptides synthesized on resin Reagents
EL4 h-ELLE-conh2 Fmop-Leu Fmoc-Glu(OtBu),
EL8 H-ELLEELLE-CONH2 TBTU, HOBt, TGS-CHA resin (Shimazu co.)
EL12 H-ELLEELLELLEE-CONH2

EL20 H-ELLEELLELLEELLEELLEL-CONH2

preparation of Lipo-peptides
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-------------->.
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NH
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CO
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INNaOH

COOH

COO

05
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->• purified 
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Lipid mixing by Lipo-peptide
Lipid Mixing by lipid analogue A1
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time (min) time (min)
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T & a0 i <D^ K $ co^j!M±#Ji $ tiT v*& V\^\ i&fiCD q KisHatfcSLil (4)
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2 2 1C

R./A f/A

5 5 1C

Rc/A f/A

MBOO 5.3 (0.93) 57.2

21.4 (0.07)
3.2 (0.97) 53.1

15.9 (0.03)

MB08 5.6 (0.91) 52.0
19.8 (0.09)

4.8 (0.93) 54.9
17.2(0.07)

MB12 3.7 (0.95) 51.4
13.4 (0.05)

2.9 (0.97) 46.0
12.7 (0.03)

MB 18 3.7 42.6 2.2 35.8

J: ^gG^mmcmiS LTB# - 4X*@ &?rv^ 37@BU(i2:A^#:#g;fbL^v^ 

7 ^ V ^ 7 < ;k0SE li7K#5^^{r ^ LT3>7l/v^% & L, & v B

9-

##:£$£

1) 8#fD##$H=Mf &#&## r?m 5 e

2) M. Shimode, et al., Senn’i Gakkaishi, to appear

3) C. P. Lindsey, G. D. Patterson, J. Chem. Phys., 73, 3348 (1980)

4) 0. Glatter, 0. Kratky (eds.), Small Angle X-ray Scattering, Academic, London, 1982

5) J.—M. Guenet, Thermoreversible Gelation of Polymers and Biopolymers, Academic, London, 1992
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kl(1>» 1386.79 
f2- 21.3853 
k1(2). 1695.05 
K2- 4.52505 
k3- 2.78764 
CO*, length- 57.2232,

B 8 : ^7 b 4r - v b (&) ^ Z / h

(^) o am# (s) (4) (i)

MB08
n- 5 56322 
kl(t). 2615.21 
i2- 19.8062 
kl(2>. 3335.96 
k2- 10.9497 
k3- 1.06224 
cor. length- 51.9543

@9 :MB08*i#m^/j'AxmmsLo 

(^) o Am# (s)

f 9 b * - 7° n y b (&) ±5 X y b

4) a, (i)
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mT%#T#9&im&#&l!i-&#&&#o;:2:t:j:&o < ;i/ ^9 7 y
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CHjCHO + R-OH + NH2COCH3
¥WVVVWVWv*

+ O-R

(R=C1-C5 Alkyl) NHCOCH3

<l

D
Ci

O
- CH2= (pH

NHCOCH3

NHCOCH3 InvaI
V J
M.Akasht, et al., J.Polym.Scl.Part ArPolym.Chem., 
28, 3847(1990)
mm
V _J

CHgCHO + (CH3)2CH0H + NH2COCH(CH3)2
vVVVWWSAAA/WW*

- H' h

r*\ 1
CpCH(CH3)2

?H

NHC0-CH(CH3)2

t»n3

(pCH (CHs)2 A ch2=ch
vng yn

NHCO--CH(CH3)2
NHCO-CH(CH3)2

NVIB

Yield 20%, m.p. 58-59eC
>

NVAi



£

ECC)
@1 l%poiy(NVA)0S.*lC^-rS 

Na2SO40;£M^

co
02 # u (N-t'-yu^ yy^ypzs N)0

aglets £i§S£<b(;&6500nm)
o#a,

am. CO
03 N-t'-yu-r vy^yPTS K(NVIB)<b 

N-t'-yi/7-b H7S K(NVA)0&S

(A):Poly(NVIB-co-NVA,80/20) heating -4CH.-CI1 4—4CH.-CH 4- 
(A):Po)y(NVIB-co-NVA,80/20) cooling I x I n-x
(□):Poly(NVIB-co-NVA,60/40) heating NH KT"
(■):Poly(NVIB-co-NVA,60/40) cooting

4 6 8 10 12 14 16 18 20
Dextran(% w/w)

04(a)#U(N-tfxyU7-fch75 K)-r*

(PNVA;17000(n=200), Dcxtran;19000lj

c=°
(0):Polv(NVIB-co-NVA,50/50) heating „„ _ An-cvh 
(•):Poly(NY’B-co-NVA,50/50) cooling 3 m

04(b) THux^L/y^'y □-yu-x*
y. h 5 y-yyi/A#

(PEG;9000(n=200), Dextran;190000)
— 132 —
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