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(EXHE)
HI. 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.

¢y

2
3)
4)

Investigation to promote the research and examinations of the contents of the
research

Survey and examination of the technical trends

Investigation and research on basic technologies (basic study)

Examination of basic research programs for the Project

2. Contents and Results of Study

2.1

2.2

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.

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.

Research on Basic Technologies(Basic Study)

Basic studies concerning autonomous responsive materials were commissioned to

the following three universities:

(D

@

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.

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




3

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 S00A. 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.

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.
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(Releasing Process of Solvent )

Osmotic pressure  Internal pressure

S BEBE

BEITRSHEBNH .

M7 HREHTLH2FVOBHOBB AR,




(Ditfusing Process of Solvent )
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X-ray |~1 electro- clectrons |electron H(0.14), |Increases with
(light) |(10~100) |magnetic density D(0.14), |atomic
wave distribution [C(1.01), |number
Pd(19.30)
Electron |~0.05 particle clectro-  |potential H(-3100), [Very large
wave static distribution |D(-3100),
potential  jcomposed of|C(-14400),
atomic Pd(-80600)
nucleus and
electrons
Neutron {1~10 particle atomic position and(H(-0.38), |lIrregular,
: wave neucleus |motion  of]D(0.67), |positive or
atoms C(0.66), |negative
Pd(0.95) |values

* The scattering amplitude is specificd at the position | cm from the atom scattering the
incident plane wave of the absolute amplitude | cm,
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Density corrclation function and corresponding scattering function

Specification

Density correlation function

Scattering {unction

REE. F0

Hr) I(q)
Spherc* . E(L)+l[i)3 {3(Sian—-qR coqu)}2
4\r) 16\ R Gy
Omstein-Zernicke & exp[— r ) -
ro & 1+&q*
Generalized - Pt r :
Omstein-Zernicke** (,—J exp[-——é;) [1 +(D+1)&q° /3]"/2

Debye-Bueche r 1
exp —‘—;' (l+gq2)2

cxp(_zj_) exp(-&’q* /4)
5

Combined 1 | ¢ r o
5( *7)‘“"(“2 (1+£4%)

* R denotes the diameter of the sphere,
** 1) denotes the fractal dimension.
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AVENVBRENZELTCHNANL, EARHMICIDVEDIHITEFAAMIYIFREEINS
PEEBLL, IHICEXZIIC, SAEBRTRIAAIREATTI 74 - ViZEBE4y
FI-7ABRTAESTFHORBEB LR T 5, REFEFTTLH L FEHIFFEREI N,
RPTEBRHEREBREEL ), COLIZRTEIBROBBEIBIBS THABP - 72
# (broken rod) CTEMTELXEAH, WEIEBRPHELEETTFHET LMK > LB TE
BL, ZONMAERCTEFDLERETSIE, COLIRRPOLOBMEATT 7 14 — Vi
4J?(qR,)
(qR.)*
THE26N5Y, SCTEHHEOWE (EBR.) KA M¥ILEREL, O 1 RFDE
BESXPw, BREDZLZHVOFFEMLELTWVS, J: (x) 3E1X0Xy L VEHRK
ThHr, CORCRBOESOYREIERE SR TV LW, EAD BT B2HEE (4)
ARTEZLN 2R RBHEERORENXENTHI2ERET S E, RIOEABKERD
22C, 55 CKBANMAIBBEL T 74 - VREFEILOEFES (5) RERRHE
EROES (4) RSB TEL, I8~F1 1R LALIIC, HBKRIIBEINL
BE 7O 74 - VEFELICHERALTIYS (KEOHLEL2Z2ToORKEOATRLAL)
HRZHR4ICT LD B,

BEEOBVIZOFVABTEHBEODAEIVWEFTEREIVRGDO2O2ORTHFEH D,
F-HEERBOHEBRIEBESLD IR VECZ2EMIZH S, B (55C) TIF3I
7arVRPHELTEYN, BELALIVBERETVEREL LG EOEBE I D S L
%h, MBOOREBHEEI 2w (oTHFVERBELLEY) RTH L5, MoK L R
ZRELEEEZRL. IBETVZIZHEA T 71— VOBHAMED Bv, o THE
HOMBIEERET 7 VT I FBET 7 Y VEBOMEERAFAS CHELTwoC
WBah b,

MBISTIXHWIH FEiZ 22T, 5 5CwTFhRiZBVTHIEG LR, 420 ED A
éwwfﬁﬁi~ﬁﬁl0%vb7~7ﬁ%ﬁ§hTWét%i%:&ﬁf§6ﬁ\mm\
MBOBL LRBEVPERA L2 EWHEAEEL2KSHVEODFDOEL RELS LB, TOHELY
FU-ﬁ%%&?%ﬁu¥~ﬁ6&<\Eﬁﬁ(NHW)Kib%vbv—ﬁﬁ%&én
Tw3ordblhizv, BREOLEAICHVHELXERIDLDT2TCRIIPEITL, ZhiZ
TZONTIFHMBIBEFP LGS LEBUFIEITOTIIVMTIoALEREEZRLIALDLEE
Abd, 27V NVBRBRBRIECEBREFRIL, TOBTONMMICIVI s vek
PRMET 2. PEVUBREARICAY ZY)VLVERE (25— VTH) FIzuryrodx
VB EHERLZZIYLVTIFE () -V RB) Ba7BcEEThdd,. KEHK
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F4 FhBBEFVEROER, RcRBOWMEBEFRZE (BHMHNOBFREESE) . 13

HMEVEBOHEBEE,
22T 55T
R./A £/ A R./A £/ A
MB0O 5.3 (0.93) 57.2 3.2 (0.97) 53.1
21.4 (0.07) 15.9 (0.03)
MB0S8 5.6 (0.91) 52.0 4.8 (0.93) 54.9
19.8 (0.09) 17.2(0.07)
MB12 3.7 (0.95) 51.4 2.9 (0.97) 46.0
13.4 (0.05) 12.7 (0.03)
MB18 3.7 42.6 2.2 35.8

PFTRYVINVBIFBEICERDLTEE - B2, 2783 BEAEEREEILL &2 v,
FTZIYNMNTIFHEAYZYULEBERRIKRKEESEZALCay T Vy 2 A2REKL, 2V b
T— AT FOERITNREREEYR LI LELLONS,

2% CE
DEELEHHICETA2RENE | FROFEREHRESEF] .
2)M. Shimode, et al., Senn’i Gakkaishi, to appear

[P 6 EEREHREE]
3) C. P. Lindsey, G. D. Patterson, J. Chem. Phys., 73, 3348 (1980)

4) 0. Glatter, O. 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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3. 3 [BECEHEBEREHBONSNLIFATAANV~OEH]
REZFEAR RBHLE

(1) Broi |

FIBCEEL TEELBR LA Y280 FRANZYEGST Lo THBICZEE L
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CLDOTELHMBIEELEMBL L THRAHZEOHB L LTEBEESRL TS, %D
REBCSBEIHAFICEATIFEOEBRIIH L, HEOBE-BREHBE» S EHRE
2LAETABEEELTHLVEBRYE» LI L LTV B,

COE)LHMBIEZEBBICI o TEYHRBLZON-OFFT 2 Z LT L LS, KOHD2 5
BREOBRMEMBLTZ I TEYRBE 2 RESICEILITRTH L, T, BITLoT
BAE EBRAMOBEL KRS (ELSCIECHMNTHS, BRLLMBE LY 7>
MBTRILZBERTRI > THR-MRERBHEEERAZASSSETEEMRBORE -
BRAFTEEL B2, COBDOEICAVFI V2 IHBRIIHFLVWEAEZEH L AR
CNAFHEHBTOHR LV XBERORAFHL L TEORRBICERB SN TV 5,

BB, FIv ZFUNY =Y AF2MDS)R A7 UV bPHBEBLEHEAED SR
LWRELLTEZOREFHHFEEINAL TS, DDSEIF, HESEHMI2» P2 HMICH
BT 2 TCOEPBHEZ I DO AFALLTELZ, EYEROE., B KR UKBE % #
HIL2FLVEPEBEETHL ), T 2bb, DDSEBHS5HROEYOEERRNERITEYH
FOERBNOMERBETHESNLZIOTRZL., EWEEHIE L VWEBMICERICER.
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RRAESE, BARAERIRCT 3 ENOF L VBBV AT ALRDCENTED, &
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FYNRY—VRATHZHLVWERBLDEMHZHCTUMICEE T2 %2, AIHEEEHE
EOREOHRBMEVIBELPSERL 2,

(2) BHEBRY AT LOFTFRE
i) TO2T AT =TT 4T

MARBMEOA LT BROCERTIEMID LD ELABREROFETH 7, RERW
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DHBIANVF-2FBL, REFELTERODICHET IBENEAPEBSIRLT, 8&IC
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REF SN D &, BMX, 207 7— I, FKupfferMlaz &, MIEAREROAR L &
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MABL I T ML o R HBRIENEEBHICET T 2. A3 ZoH A 23EH
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70 v I rORFRONNY -V EIYVOA -V IGAIMY—TLoTNNY -2
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TIVOELA, DMMEBRBERL TR I LA HOPERok, ThODERIE, AK L
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T5LDTHot,
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MBI VBB ICEAGHPRESINL, T2b5, RESTOHRYVAAPERRER, WE
ERUAFTEL - BEBOMELSF /A —F—OF 4 X THIEHTF I L LS BRM I
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KB ENBNBKEHEERSIENERZYRBLLTIRRBSNSN TS,
RU-N-A4VTOCILTLUILT I K(polyNIPAAM)ICES N H S Z L131968E
[C|/ES N TS, YPolyNVAIRKBRPTES IRE 2L, LML, BIKE
BHETRISTHEICESERL. RBFFUDAKBRPTREICRTLD
EEAK TESZ2FRTRDRVEENT S, YPolyNVADBKEIZEEDT =
RETHYL Y TNEBEAEEFNERBLINDZ LMD, KARFOLHICH
RO NAM KFEEMOBES CLIEBRRRISED SNTND, -, &
BHESH T, BREERICRIZTEADRICOVTIIRBIS BHAERT Y
DN S ICL VBB EN TS,

NVADAFIWNEEAYVTOCNEICEBRLEN-EZWVA VY TFILT I R(NVIB)
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WRNORVYRERLI0P "W EXNHRHOHOIRILEE "2 ¢ PELLISH
T ESWERD C POURHHE YT 2 CHIEBYAINAOL N 2 S
BILO] AQUIH S GYIIAN, "STVILURBEEYEROLELO0SAAN P2
CHEEAIEEG T ARLUIHE D> YN L O] AIWEE U EIYWYVYIIN
4 AWM N PAULO] ARNHE 1O
00VXZE "MEYPIHARIHEE ¢ RLW? 2CEFE ML Oy ARHA KLY
(HCEEZR/TLICEHUNWIBLEZANLOD S LB EHHI
TXbNEE QU 2LAINLAN ALK/ AR "ZLEFE LT
ZNOEHEFOVOEEHIIEE "MUXAPHLRANVLO] 3 TUIE I UVYAN
CRLCAINOEEHNMOLEY
SgE NUFESURE -2 YOOoRHEEHT "FVEHRELE IS VSR
UWTOD "QUALYHEI G 2R EGl T — LTI L LD G\ A4S

QYR TSRLYEIXE I LOPIHENUTESIBRIVANAIOY °C 2 @s¢E
FEVEIVEHZFLERENY »HPBS "N LLEE YL A\ QRNE -FIN
MPIDIMMER T "YUSFHEYI 2CURNYBEEG O PY¥9Id "URBGLE
WP AOG ESVEL Y URBEUA AL YEL "EHYYWRZAOLK
SAUNRFHEHGMAZSAULITNEOT "SVIL UR YK BTN B FE T
CEBMAGELG  "UNMNEGHIRH AL YFL-OIdREH =LY
+ L -YANA oA GHRZHRIZI(A) -(B)W R "SR LMY S\1 2L US> TR LEA
—CNGANETN-ZEYFL "CUIEHTRLASHOD? —2 (1T
NOWH YR, SLLERYI O ETERT Y hP BN RIVANA O

HGBROBIIZ CAFNHIBYO S IYI 2SVILVIEHE
=2 (MY IZIHPEN "YUR "CRAYITCHARITUWER DIBE RLET
S UL BEETVIDIEICVIHRT LY A0 YUCUSER 2SLILYS
BT LA CHUHEGEERYSENY >ISEEWHEAWE -2 / TEIFIANT VAN
¢ TVINRLBEIEIUT WSV LURSHUBEOEEOLRI,832¢0,
CENTINYUSEH SHOVYREI I LUN GLITUWYVAINg AN LEZTE
OHSEHF OIINNPYANRIZIEE CRLBLAPIAI S LETMIBWUC LY
FOPAI2CRE ARUB TN THRRURO—2 M "QR)YNLRY
FI26E-8C MIRUTIMEINEFT "LbIFHEN I CPSURLGKLEIYSHO
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NVA

CHCHO + R-OH + NH,COCH,
. O-R
-—".i—-y CH,;— éH
(R=C1-C5 Alkyl) ?LIHCOCHs

-

CHy— é!:H —— NHCOCH,
NHCOCH, NVA

\. S
M.Akashi, et al., J.Polym.Scl.Part A:Polym.Chem.,
28, 3847 (1990)

'

f

CHCHO + (CH,,CHOH + NH,COCH(CH,),

" OCH (CHa)2
NHCO - CH(CH,),
OCH (CHs)2 A
CH,=CH
CHS— H ——— 2 ]

NHCO-CH(CH,),
NVIB

Yield 20%, m.p. 58-59°C
J

HCO-CH(CH,),

ZF—Lh1l NVAFZEEDLE
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